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gpsotitoa(}(g>ic ms3im OF rnrnm tmism 
^ art xtporliniE ft wtuaar ef ftfur Sittmrmat sftfetm of 
ffioiybatnnsj, ««« ly , Wo K , ©^ X, M© ^1 ana ^o "^H. i^ ht •'e Ttl 
sptetum has Men vitppXefotiited 1^ th« th£«« iMi^ bcRndng 
isosleotrtmlo 8p«etsm ©f wti x i , Zr ^ mxiA T I^, 
Oar sttidijr oevtra t!i« »p«et»il rtirioii no • 4^t« *?)!« 
8p«0tvo^ rf«^ « ymw v»ooz4itd on t!» 5w graai^ PJ ln«l<tofie« atMietvo-
graph of Prof. Kdlon at the phyeica «9p«Fte«ent of Twnll tfniirerelty 
(Sweden) In l96B-^ 9« t^ iseactiT«d thein at Aliiiiexfk sM perferaed 
the epeetreX enelyele with the help of the ieoeleetxeiiie eeqjiieneee 
and the adapted nartvee (H )^ and Hartsee«-?oelt (T^f) oaieBlitlieiis 
that Br. R,i>« Qowan vergr generouelLy aafte for vm at tea Alaaiea 
Bcientlfie T«a^ ratoxgr (tJ»B,A,) 1« t9«T, 1$ mA 19Tf, 
Xn thie theele* after a brief tntredncrtiofi» the fivet ehi^iter 
deeeribee the Mperinentai teeltmifnee «wed In m» wwrtr, iietaiXe 
ave given «f veeevdini the epeetra, ef Maiiartne the eiieetreiMM 
and ef eenvevtinf tlie aeaawiveMeiit* te ««feX«Rfr%he« tienee te mafe 
muBhew ^i«l eve elapty tlie iwvevee ef vaveleiifflli in vaewMi. 
9hie iniftvAee aentien ef the lel^nenee Uaec « i i ttl«e%r«tieif ef 
th9 ligttt sfluiPMs «!« th» iVMlBf iiittid«ii«i spvetMinq^li UMA* 
«Raly«is» that tmm iMm vital to tliia nwek^  Aftoif tht siMiiitiins 
i» masoMfl, ttoonniiing ttit ItBintien »%•(«•• tnvalvta tinA 
thaiv Mpaimtioii i s wsfk sf oxueiail iiqi«ftiiPM« HHat SSMBAS-
etstits we ii«a« «t th* tins of oaepopiiMifitaaL xtoorftiBH for this 
fui^ pooo and biw fiaoUar «• oxoontoA tho o^t>» i s oxploinoA. 
Onoo ttas ioaiastloo of a wmap of siwetna linos i s 
Aotoymii^ dy 8|Miot3^ tftalTOio io oandoA out with tlio liolp of 
thoorotieal ostinalos of tho spootral stxootuxo ooRooxnoa* ^ 
havo» thovofoxoy also inoluAoA in this ohaptov a 1»flof Aosori|>-
tion of Oowsa's oalo»latio»8 nsoA in this woilr* 
?ho sos«ats of oacpovisoBtsl snolysos axo oonfimoA thyongh 
oonparisoiis of ths data isooloetTonioiaijr as wall as thvosffh 
Rjabosg sovios, A saliont Aosoziption iSf thsyofO«o« givon of 
tho to^rtsUt^ os of isoolootvsaio ool^ pai^ isoiis that IMOloB AtvolopoA 
thif«wi|^ h«nt his lifo* As thoso oompavlsons also imrolto 
leiioMloago of Slatov psiiwstogs •— in aMitioii to thoiy l»ovltid»lo 
iHTolTMMiit ia tho thoosotioal oaloolatiwis SBA hsnoo thoiv "fit^ 
iHpo«t«MO to ^M «B4osst«i4i»c of tho atoiiio stittotato — wo 
havo towohoA in this «iiaytov also this sahjoot to a oovtala 
••xi«« lialtSt Tis* th« i«iii«i:ll«it 9«t«itti«Ia, A MetioR of 
tills ohq^tsv Aimm99%99 tiMytfov** l^ 4!b«yfc MviM ARA t ^ 
Ohaqp^ iv 1 gyii IX» eomtitatiiig Taoft A of tht tliMit, 
oenvv ««0eriptl^ of tlio inothodoloffir of sptotviA iftailyvis* 'Phis 
fROthodoloisr i s o^lioA to elbtiiin yoflnlto AosofllMd in 1>avt "n, 
eofiprioing olioptoxeZX?* X?^  7 ana 7I* 
In ohap-kop 1171 «• fiarv* 4osei*i1}od mT wovlc on t!)« Misljrvis 
of ffo IX. TiM Moiilto oovov 219 aooiipioA t««ruii«ion«9 imrel^ vinft 
tho ditofptinttticm of adl tlio 3 levoto of 4p oonfieaxwfeioiit tlio 
10 lovtlo of 4p'5«» 6»t 7s oo^h, 25 of 4p 4«i 16 of 5A Mid 14 
of 6a, fho 4pi 4a Mia 9o lov«la «xo oonpozoa iooolAotvflnieolljr* 
whilo tho 58 • 6o «na To lovolo wro i^lottoA in i^abotg aiofpwMi. 
Ohefitoi* 7T aoiils with ^o «^ f^tvo toOf iaooloetswiio 
9 2 2 
aioKMMi oxo givon for tho 4p'^ « 4p 4a amA 4p 9o lov«lo» yAmvmt 
tho fOf 6o itii 7« toYoio ovo plottoa on « Hjraboiv aionvMi. in 
mllt 164 tmnoitioRo li«vo boon osoipioa in tMs opootsi» voonlt* 
iBf i» tlio aotoMtinotion of idtl tte 9 lo^ lo of 4»'f tlio 9 mt 
4^hmf U maim oooli» 19 of 4|»'4a» 19 9f 9i Mia 11 of 6a, 
OiMftov T aoooviteo oev wvi^ m Wo %tf tliaet ooooioto of tbo 
Molyvi* •f 97 #^*4i4a Mia i t 4p*«4»9t tvMMltioM, Vliio 
inffi^ tvio tlM aotoiMinition of i i l tlM 5 ssiwaa 4p' %099%m, tlM 
4 499* Mia 11 4|>4a lovoio, h^^ tiM twolflli lovol wi 4p4a ooBia 
tfais i s sBiply «fMi9«n«a1w« 1^ %\m a»%«Miiia(ti«B sf 2 4*49' Uv*!* 
tmMfagh tut iAtntifi9«ti0B sf 6 48 4p •4«4|»* tv«»iiti«ii«« All 
ttw xttBult* itiP» illiistT«%«a i»9«l««itMBi««lly. 
In i^iaptty 72« i t 1« a f^feribed that i«« li«r» 8a«09«d«A in 
initistiiig famitftelly tb« s t o ^ of four <3a t- l i ln «|ffi«%«at 
that avo^IX, SrX^TIblCZ « ^ H« XI7« l^ia Ivrals d«taiMifi«A 
in al l tba foiw afwotva awi 4p ^ » 4a B^ aasa 4a4»* ^^ « 'PI* S^ 
2 leval of 4a4p oonfiisciyatioR la tantati-rtly tHataJtmB in ?r X to 
Ho Xll along with T?^  M «AJ ei^ Irmla in 5!IP 1! anft *<• ItH* to 
analysia of tho 4a4p^^-4p^ i s attoaptaa in oaaa of Sr % a»a 
tlo Kll« 
A brief oonoluoion 8|^ ot«>lig1rl8 mr oohlovonnsta ovitioallar 
and iBdiitionB vrtiat Aistbov stuAioa o ^ l»a «ia^ in thoiv liiiixt* 
All tlw olaaaifioA liiiaa avo nivan at t!)0 onA of tlio 
thoaio, i*o», in i^ ponAioos X to IT, oaoii zoaowoA to ono of 
tho foav olonoBta oonoomoA, vis* T, tWp ^ aBA ^ , thio ia 
followtA \gy i^latoa of MOIT^ AOHBM opootva* l iat ^ oov foVliohoA 
pi|»ova MiA thoiy lopvinto* 
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Btpastnent of PhJ s^ios 
2ce 001, I»«la 
flio analyaos of t?» epaotra of ^o T-', '^o X, ?*o '^ 
emd *^o '"'11 ate.» inelndsfl In thle thoflln» aire carried 
o«t tJrinoipally W ^TB* f?abra l^^toon t»na«y w «lj?9otlon 
and 8itt)Oj?flfllon» I t Is m fTQat ploasaro to tiaiwlt ^ey 
fmtimit this worfc as a PK\ thoalo. 
-7VI . 
( *%??.•?« rmai?f!tai ) 
Rsaaor in 5*liysio8 
Datofti IJovembor 25 f 1978 
fh» pvogsftm of y««««r«h la Atomie Spoetm «t th* Ali^asii 
mtillB Uaivewlty has b««ii waA« po«ilt)le by th« g«n«z«ns soriport 
ana ktwi fioaaMiio intawst of Prof, i ^ n ^ isfiion AHA MB ttat f of 
tho laina tJnlveraity (Swoaon) and I5r. H,7), Cowan of f^tm kXtmoB 
Solontlflo T«bo5?atoi!y (n,S,A,), Wo oxpsoee oar woot oinoero ana 
profoana tlianSrs to thaw* 
I foal ps?lTileai?«a in aflilmoWloa^ n^^  my Inflotitaanooa to 
» 
ay croporvlaoPt T)r, ^ . ^ , 3 , Oha/^htal, Haaaer In T'hyaieat «»flor 
whose able ^iiaanca thla theals hem boon wpittan. 1 m aooally 
^sfataftil to rsy oolloai?ae ^» Halilanillah Fhan w^ io tool^ ra?oat Dalna 
In mafeinn ny woite & tmeeoso, 
'^y thanks aro aao to Vrot^ Rala Ahraaa ana 3Prof* ^m^^» Hahwan 
Fhant Heaa» Dapaitrnant of Physio8» for proviaini>t %!ros§cinr fae l l l -
tloa in tha aapax'tinAnt* 
i«y olaooso gratituaaa aam dua to ny huabana, ^y, ^oahlr Alaw, 
for hla halp ana ano0urw;;aRiant at vwmey stop of thla WOK!?, 
I owa a aaht to f^ r* Javad A. Wa i^a iiho halpaa urn in ona imy 
or ttMi othar at tha f inal ataifo of tha thaaia* 
1 woalA f a l l in w doty I f X do net axpraaa tny aolmaiAadga* 
raanta to iQr Ami* ftaal«h» WaAeoa» Shahana and a l l w eollaai^aa, 
yinally tliaidca ava alao daa to KaaSa Ahnaa for hla axoallont 
aaezotarlal aaal«t«ioa. 
( SaiNm l%cla«« ) 
G Q l l T B l t T S 
{PARS? *A*) 
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1»6 Ch?spMoal CoPTOOtlona 10 
Boforonods Ijl 
Chapter 11 * PHINOIPI.1^ 3 OF gPBCTRAT. AH^ TiYSIS 
?,1 loniaation Sta^s and their Separation 12 
2*2 IseeXeetronie Se(|«enee 14 
2,5 ^Aberg Series ana the fteterratn^tlon of 
tenieatioa IPetentials 19 
2.4 fllater Partnetere S5 
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(PAHT 'B') 
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4*5 4p-4fi 1*rffln«itloJi8 end the 4^ levels 49 
4*6 4p«39 '^vefisitione emA the 5s Tieirele 49 
4,7 l^dherg Seriee mH Tilralt f^altiatloii 50 
R«f*3?enee« 53 
Ohaptep V t TTO, ELUTFOTR SPBOTRPff OF F0XyBt}1^itmt f(o XX 
5.1 Stniotttre 54 
5.2 Review ef the 6e X-SeQuenee 55 
5«3 OlaesiflOKtloR 55 
5.4 9TC«B4 Xntevrftle 4p 56 
5.5 4p4d 2eirele 56 
5.6 ^ e levele 57 
RefiMneee 60 
6.1 Keviev «f tlie Seeuenoe 61 
6,2 Stxnetuv* 69 
6.9 Ol&ssifiefttien 62 
Htfozvnots €3 
CO!TCIP3I0if 66 
I , 01uiBifi«a Tiineo of T K 68 
II , 01a«sifl«d Tdiws 0f 7»r X 69 
III . Classifitd TiiiMis of Wb Xl 71 
IV, Olasslf l«d TJIHOS of "olytjaoimia 75 
tr, Fol3rt>A«iia!n Spootim 95 
71, Iilat of pajjors ffubllshod by tho author of 
this thosis 
speetroseopio stuaits of «ilti|$ly ioaimA atoRis ftl%ri3r8 foand 
iKpplletttion to ttstxioplisrolos« Chax«et«!*i8tioo of tho •olar oovona 
ana otboip hot stars nsro «otow»ln«4 with thslr hslp (isaisn* 1948). 
O^ hdse studios i^ ained rsnenea lfl|»oxtanoo ansplni? tho last thirty 
years hooanso of tt» raoinm ttltrwiolet studios of tho sriaoo 
through roOkots ana satollitos (f<msoy, 1960)» fusion aorioos 
(Ph3r8ie8 Boport, 1978), lahoratory plasma, orystal soionoos ana 
©•entually lasor physios, f ho raaiatlon omlttoa hy tho 'Sf^kwmtk j, 
maohixw, for oxassplo, involves very hlf?h stai?os of ienisation of 
atoras, particularly of moiybaomra (Kla^isoh ©t al. 19'pf)t 
Praoiflcol (1978) and Fii^ itonthal ot al, (1978), 
In 19^8, tho "^ Juropoan group of atoraio speotroseopy was 
foxnoa ana later intojopotoa to Buropoan Fhysioal Sooioty thus 
oroatin^ organisations in i^ropo oonparahle in aynanlsn, off!-
eioaoy, oathusiflst ana effort to Optioal Sooioty ana Fhjrsioal 
Sooioty of itaorioa, Co^oraination of efforts has rosnltoa, as 
eacpeotoa, to a hoon of soientlfio aotlTitlos of tho first rate. 
Oar prosoBt woilt i s aireotly assooiatoa with the inters 
nationia efforts of enhanoing the knowleago of atoraio spoetra 
ana estonio stmsturo, Stuaios of atultlply ionisea atoRis of T, 
Zr» iVh ais4 Wo are going on in our lahorotoxy for the last nine 
yearsf they were initiatoa hy Ohaghtai in Vranoe ana eentinuoa 
with proper liq^rovomonts in Sweden. This thesis forss a part 
of ttmm stttAiest that Xnt&lf oollaiboratlon with th« twnfl 
UniTersity (Sii»d«n) in axi^ iPliiMntttl voeording of spootva SRHL 
with th« Los At«BO« Solent if io tabormtosy (tT»^ .A«) in a«irajto9d 
thooTotloal ooBit3atatlon» by H.'n, Oowan* 
Prior to this woilc, a^Md All aaht^ ittoft hie thosis on tho 
8pootj?a of T 17, ?, ¥1, 711, Hahlfflnllah Fhan <m ?^v VI, T^ TT, TTIJ., 
TK with other rolateft spootra, and rfoi?endra 7*rat«?) «?inph on 
!^ o 71, 711, 7III, 1 hsvo oo1.1aho7*atad with those anthors in 
various analyses. ^ woife on Y 71 and '^ o 7TT1 has not heen 
inoluded in this thesis as i t has already been inolnded in other 
theses. 
The T^aterlal of this wox^  i s being presented in two pasfts, 
Part A oonsists of ohaptersX and 11 i^leh describe the salient 
experimental features and the neoessasy theoretioal aspeots 
inrolTsd in our interpretation of the spectra. 
In part B, results of the experlnental analyses are presented 
in all neeeasasey details* This par* i s divided into fmtr ohn^ters, 
that deseribe separately mr woric on Fo IX, i«o X, Wo XI and w© Til, 
In the last shapter, three other isoeleotronio speetrat namely, 
Bb XI, 8r X and T IX ave also ineltided so that the ehapter deals 
with tbe four spestra of Oa l-<«eqaenoe, 
Yablea ef the energy lerels we detexmlned and (XTwulhs of 
their ioeeleetroRle eenparisens are fflTsn ohaj^tez^^ise, whereas 
th» «la»(iifl«4 llA«9 wra 9HI M8«RA»1«A in ag^iiaiota !# Itf III 
(liniio of Y DC, Zr X «nd lb XI f««|»etlv»Iy) «a« 1» i^ ppeMix IV 
(Mo linos only). 
Plotoe of tnolyl^ aeRuii vp&otTvm showing tbo proetinont 
elaaoifiod transiticms and tho •aH.ation of thoij* lino inton-
oitios with extra indnotanoo ecto also wwifoflooofl f^ pcw a^oiit 
ao to 3sol. 
A l i s t of oar inibliBhod i^ anoro and their reprints ar« 
atmondod at the end of the tlwois* 
Tdl. 22, 50 (1943) 
Fliik«athal, K» t t aX* *Ifl0ntifioation of Fext)lAa«n ^rsnaitione 
in th9 weft ^-r«y siMetzum of TPR VokamOc*» ICSth ^Al Oonfomneo» 
!%Bioh,(l97BV 
Fra»}ilkel» B,S.^ •X-.3?ay Spoetra of '^ k^aarfc PlawsasS ^^ Conforoneo 
on nv m& "^ -ray Speetroaoopy of Aatropt^aioal anfl titSjoratoiy 
Plasmast lispoirlal Collate©, TiO««on (1977) 
F3«8afik9l» ^.S* at a l . • Idautifloation of Highly ioniead Wiokel, 
Iron ana Chromitiai in the Soft %-ray apaotswai of tba f i^ fiOO 
S?o1c«8!taJc I>laPBa% 10th ^AS OonfaraneOf Wunieh (197a)» 
Klapiaeh, w^, Finkanthal* '^.t Fs?aorikolt B,«^,, Sohiiaitaeif, n, anfl 
Sohvoh, J.IJ. , »Highl3^Rtrifp«a iona (upto H© vrKIll) ana 
Foz^idAaa Mo linaa in tha Soft X-t-ay apeotwira fj?oiii "P^ •^ dkgsBafeV 
•th aa&fivanoa on tT7 ana "f-ray spootroaoopy of Aat*ophy»ioal ana 
liabandosy l^laaaaa« I i ^ v i a l Oollaga, T^ onaen (1977). 
Phyaioa Saparl *Atania ma Wolaaalat B«ta for Controllad 
fhanHMMalattiF Ai«ieii% Tal* 57C, Wo. 2 , 240 (19711 )• 
?M '^nA 
reeoTdefl fo? tj» <m Ilfdrd r^  ulates In oollaberatlon with 
"^ * «T«f>, l^»«sp«^  «f 'towl iTntvarBi^ (?^ ii»««i!) im Tret* f^lt«n»« 
5w f^ramXim Ineideaiw P?»e©t3?opTSf)h f^ oa a'bffQt 35 to 45f^ ?« A 
i>onde»89d 9pta^ •01x1*00 \ma tiood ndt^ e^at tm AltamiTia (M^O )^ 
Mooic (of}«») oy with i t ( s l ia im), tui eacnlaitiod Ijolow, ^Hwlve 
of tho (freainp: imol^mim Bnentret. w«i» takon with s1i''ltir ot^ ai* 
oiJoratln^ at aliout 15 T^ w i^ilo t*^ o twotve othars ymrQ reoor^ofl 
with ot«m flt^aife at aboot 50 ^7. 
*?h« Inanetanoe In t ^ anai*^  olrowlt %ra8 of tho oi^or of 
iO n^ wlvf aaaitlonal Inauotanoo In stai»a of 1, Sf 4 fmfl 5 
oeila of ooppopy iisoMntlnj? to a fmt n^ uos? ooll , was lntpo««e«« 
in tha opon opaislr olroalt anfi In atoiHi of 11 2 , 51 10 ana 20 
eolla m tilt otxwilt of tha atl^lni? wpm^m Aa tha lnaaota»oa 
In tha if^ aiiE al^oolt lno3<«aaoa, tha lomlsatton ata^s InrolTod 
in tha anailr ahifft to lewaif "valtioo, aa ahonn In FIK, 1.11« 
7hla faot i s itsaftil In aaiaavatinK tha ionlsatlon atM^ea, as 
a@so7ihaa latar* 







Fig-tli Inttntity dMribution (I) of diff«rcm Mo sptctra as obstrvtd on 
spoctrograms takan with difftrtnt additional inductances. 
T stands for turn of copper 'vtkt (kmH). 
6 
to prodaoo radiation In '^ T^T.T, vagion, '^ hay ean atl lt t>o of 
tha ol« otrtm-apaKte typa, Initiated 'hv **itllViin (1910) ana ao 
aneoaaa'^T'y ^nvalonofi a^ <^  «tllla«d by *^41an (1«47)« '''his 
aotirea a^8 t!w aidViKntago of mrofiuoini? a noiro 8naoti?iim, that 
ooaas ftow tba !<ot alootroflo «ilfflost ontlfwlyt It oan b© OOJW 
vert0<1 oaelly Into a atlAlnp aita]* aoows© by lt»tyo«iiolnr an 
Inaulfttor bat^ iaan tfee two ©leetro^aa In a oowfanian* ^osr*, as 
done bT 7o<!ay at al« ter tba fit«t tim© (1Q50) ana rteTotopafl 
f«i?thar by t*'* atnaents of ^dten* [Boea^ aflten (1o?5)t v^cmaaon 
©t ftl, <1<?^9)]. 
^At©n«9 aohool naea klpO^ osyatats (attmlna) m Iniwlftto'', 
It aftda to tb© tKur© apeotniw liaimrity llnoa of A3, m^ ^ atona, 
that aerras aa tiaoj^ it rofox-anoesi* 
Voltai?© fvmt tb© aeoont^ axy of a 8t«p-ni> ti^nsforrwir 
(ttiwi ?atlo 450) la half-watv© yootlflaa by « alniJ'l© aiod©. 
Th© TT^ T, aid© la pv«nria«a %flth a x«8latano© ^ of the oraor of 
10 Kilo Ohwa to oontvol tb© oowrant that oba3?go« tb© oonaonaop 
C (about 0»5jii^), 1'bla t^alatano© alao obatimota tb© baolr 
flov of oopMnt at tb© tlm© of t^ © aiaoba?;^ of eondanaaraf 
tha* tilcaa plaoa tbwwi^ b tb© Tarlfl(bl© Inanetaae© <0 to 50 aW, 
aay)« Vb© Indttotano© a«t©ywln©a t^ © tlm© oonatant of tb© 
dlsobaxc© elraoitt bano© rttgolatlng thm titmrm ©entont of o^ aartca 
ana, tbavafoM, th© lona lnvolT©a« A slt<«pl© ol2*oalt AlaiCFffi of 
tha amtroa la (ilwn in l^ir« 1.21* 
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eomrdnient s>i||M: i?Sf08! 200^ 2^ tewa-Nls »!ioi?tar i«pr© l«ttp:t!i»f tor 
A^< i soot , tlwy are to«)«i»atlv9, "he angt© of ittoiaenoe oan l>« 
set to bo 8n«ail (1 < 10®t nosreal iTioidimeo) foa» wave lOBciihs 
aa B^oTt tm 50oXt with an Al-p'witli^ <», '^ Mii l iwlt '»IIB tjo wss*'© .^ 
o^wn to scot o!? -^arhar^ s lo^Sf i f a ffol^ c«>Bitoi5 pratlBiR; i« 
a^miablo. For wa^ Xmmn s^ot^er thati SCO? 
It Is gi?eatly af^va!itai^oaa in at l ovontciyto nga ^i^ Inrpe 
c^isparalon, oatpresaea in foi^ of -nlixte fnotes* (HJ/rr',) wmliabla 
nmsT graain?^ inelSfinoo ( i ^ 8n®)» '"ho t)2?laeiT»l0 of a rr&sinp, 
ifioideBoa apectvoprmih ?n sl^ icwn i» ^ir* 1.31. 
*?&« psohlona of f?ra«inF inoi<Sen«» «»t« twatod in aotall 
t>y T^ fi^ t et a l . (I93a)» "RatJttaF (1«I4 )^ ana HapitolfB (1«J59, 61 >f 
thay ai?» briefly aisooaaaa by ^41^n (1*^ 54» ^J3). 
Tha tJt'aotioal aapaeta of th« ^rp^Mlng inoiAonco jnotrntin^ 
aw Inoiaiy nairated with QxmmlGe by ??aPwon (1*167). Xt la 
•ufflolant to "^aisajaboy for mr vt^oaa tha folto«dBf f©atui!««t 
( i ) Optlnram vlAth of tha f?i?atingt «8 worlcea owt by i^meik 
• t al . (1932), ooiioa uwt to AapaiiA on tha anidaa of Inel^anea 
anA AlffjMietlim, wawi lanirth wipflon aTj<t the sm l^tia of omrvaturo 
of tha iqnKllnff, 
( i i ) Optlsiofl! width of tha a l i t la ohoaan ao as to llltiniRata 





FigJ.lt arailng Incldtnct »p«ctrogfaph;»ch«m8itlc diagram. 
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( i l l ) Sph«?leal abcmratlen and astlpmatiflm of t>ui oonoafvs 
^ratini? tnieomt a«rioaa tJiider ^aslfig IfiolAetino, i^feota i» 
the tmifojmlty of t l» «hotoi;f«f)hlo •Trolglow attd the Isalk of 
p«rf«ot eolnei«^ «ncMi of tho ow i^lBion Burfaoa with t^o HoWlanA 
oirolo haeora© Importnnt» In aA^'ltion* 
Wo hiivo rmnjioswfi t*^ © apootrogsfapfl ot> KU! Abh© compsT^tor 
wtiioh ia known to he prmotioally fsro0fi-o>tthaol'"-'*.ffls'i^  error wn6. 
whleh tjowiits en aceoy'iK^ of '^fiauTenertt of 0.t yiir in t^rinoltile. 
The pjratln^ ertaatioa 
w9\«« e (Conf^ is; * Cosdp) 
ttnAei* tpailiir ineiaeiioe (l», ©^  eve the itioiaoiit esnfi dl***yaetlon 
angloa menaured fspora the nowial of the ffi^tifiR ajsd ^g, ^ are 
the «n|i0.aa iaeasu»e« tvtm the tangent to the oentye of |?rating,i\ 
ia tfm v«V9 len(9!th ami n the apeeti^al eifder). 
<^  e» f>g asw fiaeeA and 
where a ia the aiatanoe iseaaaveA wn the photofi*«i»hie plate, the 
gratinir equation oan he imt on expanAing the Ooa^ ff tewi, aa thia 
•"X- A • B a • 0 a • . . • (1,41) 
1 a taSrea into aoooimt aome x^gular Aepaxtui<e from the ideal 
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grating •nation aua to atjarratlona raantiona* above t thla teira 
ebouia hav© not ooconwfli 1« tha expanalon of t l» ISUMI eoaina 
tOBa. '^ he fossmta (1.41) i» tijioa for eoBnmtla^ th« \-mw laaaths 
from the i?ioagR5i?e<! a valtms on «rj H '^ 1130# 
?ortboi» dopartnroa fifOCT tho fo3?raala ana to the T>raotloiil 
©enaitlona of rtoox^ing ar® oormattsataa to t^e axtsut t»o88itJlo 
ty 3^?aT>Moal oozreotions r^ntionofl latey, 
!?hraa rafoztinee lines avs noadad to dotaxmiiw tt>o oonstt^ts 
of '^m. (1.41 )t tlTon t1^ m^re lenpth of sxi^ oitfmv line eim t*© 
oalotslcito#, f^  aav mliMnp wvipufk wmetroiTtme$ tiwilvo in nwribei? 
ana covering tha wave lan^h ration 120 < 'X < 43oS, llnao of 
0 i n , IV, ?, ?I [i^ aian (1954)>^ocV«i8tBn at a1.(1*^6? )^, 
ByoBiandai? (l^ Jfi^ n 8^ ^ A^  ^ f ^t ^ » ^^ ^ [Soaawrvlat (1*^ 54)1 
?a«id>' (1«>4fl)] ara nr©0«nt, '^ hay nara, ttrawifoiw, issaA as 
x«faz«noo8 fo^ oaloolationa and pranMoal oorreetiona. 
Tha ethar twalva nlataa i?eeoFflad with an ©pan apai* aoaroa 
ai<^  not aontain thaaa ipiporlty linaa, *?lx of thaaa oovex f^l t»ta 
ragioa of about 150»45cf» and tha othar six axtandad to ahortar 
wava lanf^ha tipto 95X. Foiybdanura linaa* that \mv aoourmtaly 
Bieaauzad againat Al and o ifafavanoaa 'by U9 or h^ ottiav atithom 
[Raadar at al. (197») l^lrt)ay« at al. (1972)] , eenld IMI iiaad aa 
aaeondaiar rafaxaaaaa down to ISot. Tha taetini^a of hiKhav 
ordam waa than VL9»«i to datamina tha ahovtar wava loniftha. 
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T4i«it 8{|uax« f i t t ing vflA t]*i«fl to ismpTumi nptm th» v«7« 
l©ngtli oal«alation« tov tfw »liain^ sfswrikr |it«t«0 wltb tb« !i«tT» 
of Fj»« Q,H, tTsmaai, Bttt iB 0800 of o-^ ewr spoetml swiumisHsoTit» 
oorreetloB pr^lts «oi«e «r«M» (A'XVU'X) ®« a^ own la ^Iff. 1«61 
as ona 93arml«» A^(iitiot>a3. linen of I-TJOWW WSVO t«mrt1^ tt^gt 
ojciat on the speotj^ oirrsmo io?e "iwift for flotoatwlt^ifii? tiio ooanpos-
pondinr A'Xval'ooo to tjo plotted. \ moim or !«»» elmtooiaat 
trout' oottld bo mB3^e^ o^f on t^oe© «?twb8, T>«3?wlttlnp «f* 
atjprooiabl© iiaijrovoBOUt In th» ca'*oatato«5 WKWS loniftti«i to 
Cenaral. 
A wolffhtort fsoffi!! of a l l tho V&TQ J.ev.^hB whotlioy s»ooydo6 
with a Blldlftf» 07>«3!9c oy with sn or^ oti »PM*C scpiroo in flnall^T 
tal?on to oata^lloh tho motfb^wmm l ine l l « t from ahmt 35 to 
4501« 5ho W8V0 loa the tha« dotOTwinod «]?• eatiej^toa to Iso 
aooarato to i»o «C0t opi»oxi»at«l7. Tho nieoly dofinod linos of 
modiiiR intensity are n«(tQx«lly wore aooai^tely m&Bsaym^ than 
the stveRf 9m«$ thev«foT«t ov»i*-«iepo«ed or t l» ves^ r weailr and, 
tlieyefoM, htm l ine*. 
l)fi>(V 
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B«wtl«rt ^*n. , J.O.S.A., 5? . 511 (1«?45). 
Boeteftston, I ' . , Ai^ir. ^a , ,<J , 457 (1955) 
'?dl0», ^ , , TTovp Aetff naer. ^oo. Boi, , t^ tit>aat (17) TTo,6 (1^54) 
::ai«n, -^., IJ'hysioa, 13 , Wo, 9 , 54R (1947) 
^ n e u , ^ . , •"^erHj^ fi on "Prf^ swefia 1« T^i^ies*, •'*TfT, I'^l (1<?I^ ?) 
n - t a m t «5,C.# Hn.nseii, tT*"':. ar4 %?3.^ <iyt tT,, .7, ^ j t . Hoe. Am,, 
6^, 11^3 (19T?) 
I^omor, : '^, .^3^, •'p.t. •''.str, ' 79 , (fttoc^ holm) 56A» ^ e . 1 , T),57 
(1948) 
^Vft*-t •%*•%• '^tetif!, J.^- mf '^tne?), B , , . " ^ .n / ^^ , ?? , 245 (19!S») 
T'*ini1riin, n.A. and r,«flrer, ^ . a . , Thys, i^«v.,1?», 167 (191^) 
Hflpioka* *#• J,0..*l,A, , 49i 446 (1959) 
lajBloka, f., J»0 ,s .A. | 5 1 , 4 (196I) 
H«ad«s*« J» •»« %8t«ln , 0,"?:•,, J , Opt, soe« Are, , 6 3 , ifo,9 (19^*) 
Sa7i0«i, J,A«R«, *?«ohni(|ti«« ©f w v spaotreseotiiy*, i'«w Teik, 
John Wlloy, 1955 (1967) 
^od«sqK^i«t» J«» WoT« 4ot« Boir, 9o«» « o i , , tlfyfrng^  ( r r ) 9t Wo«7t 
39 (1934) 
9T«n««on» %1» •»€ l?MMiifr, 'T*^,, AilriT. i^». ,40, 145 (196Q) 
•oAav» 1, iHd Aar%oi»» W«y I7«tii90, 166, 1009 (1990) 
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TOT ioRiflsft fl:torffs» tb« •pTtypoy^itm of th« fffwetiw* ttiat 
fal ls t^tow f^ OfK!^  InmwttMs jwiTjiaiy with tlT« inoreasinp eta^s 
of lonl«atloflif th« %fRv«l«i%rtl«fl of oorvtst^ oa i^i^ i? IIBRB of in©-' 
cleotsfonle lon» b«it^ r for t!i« tfinin t^ aft itrmvmlj vTrfpttxtiGmS, 
to tho ©ffeietlv© otiewsi, '^fwetwil ti?t#8 tsolon^lur to v*«nr 
iofiiaation fftai^ sio owai?liin lr» t^e f^ ^ liltrfiviotRt fwf^ er?* no e 
1?!^  denrees of l«ftS»sstfioi?, »e8tJO«siblo for tisroanoly»p? th» 
tmn-f^ mmatnm^ flotiOBi im th& tm&s^ ra|>» vaontw i?» t*\e fimi7*t)0» 
a'^ a tl» Wn Q!iti!niot«apl»ties of tb© diffofinTm otvmxXt^ tTgisattv 
w'any iono «xi«t oinoltttiiooiiiil^ In th« t^«»w« fosraofl by aiii-
ohaapfBt* lit o«n inmmmm tho ioniBttlon i?!ro1ir«a tiy iiwmtmiw 
ttm mip§ th« T«aii«» ov th« oap«oitaa(io« aM 1>y mftnein^ tfio 
IfiAtiotmoa, f«ii|Hivliiir witti tlia tfpmAt IMP i s nsoally not 
AssimiiblSt ^poalallr 1MO«»OS sfwiltJiiig goto hii^ly aff^otoa by 
otbsv mt^Tmrnmam faotoi«» High •attOH ClcT^ tevr) frivas stability 
to tlis ssttros in aaaitlon to aroiA air abaoxiption of tha anaotxi»a« 
Ohafifi&iig tha a«iiAanoav*9 oafiaaity aff^eta ianisatlffl<i staffss 
^;vaatly| t&v sl«w vaviatioB of ionisatieiiSy i t ia» tbaxafoMf tha 
infl»etsnst that la vaviaA (!9isMion» i^l) 
IS 
mffitrtnt 0taflt8 of lonlaatlon of aoiybfloTnwi ametvam 
profsont on oar 9p9&tx9gmmB ««« mpamtBA mt oxpoyiratistally ^ J 
obaeiTrlrtff tho intonaity •luriLatlon of oiroxy Inaivlfltial lino 
an a ftoiotlon of tbo i»aacstaB0© In tito i!t>ttrfc ©irmilt. Tnton«lty 
flpijpes, no sfOT^ oi^ oA saw th« vl«itel esttwccfcef! o** fi© Tlbtntorrm'hlo 
The linos bolongin i^r to the ninth opootnifn of isolytji^ enim 
(«To r*) ehofweft « slow fel l in inteneity ee the imaT^ c e i i w i t 
influotane© wm eynteiRiEtloally ino»eaeea» waBtly fllBsppeiufini? aet 
the fmtrth or fifth eoil (?if» 1,1l), 
fhe line© oXaesifiea tm ?'o "^  at« faint in f^nevalf hwt 
even the etron^x* ones faint ont ?it two or nore a^aitienal aoite* 
In earn of '"f© TTIt the fall of intensity la *rmn mom n^i^» 
M^ee mppBe» only at ae»o or one a«l61tio«al ooil ana aiearypoar 
ooiapletely «t tifo or moxo ooils* 
The linee helon^d-n^ to «% TTl e^ ppoar almost only with no 
adaition^ eeilf %rith a feehte eefnpeamiiee of the etponnwet ones 
3x one eeil* 
f he eepavatien of ienisation wae not fioMihle tnm 39 to 
If of ae e3Ll the plateawere taSten i^thoot aAAitlonia in«uot«nee 
in that fOKloii, 
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^•2 iltwZfgtgftiatt Sfq f^fBfff 
An i9oel«Qt7onie ov^enco i s o<m8tltut«d "b^ tho«* mtom 
or mttmle icme that oontain the sgm mteiimr et extra mielesr 
eXeetrons« fbe firet msmymv of suob a segoenee oan Im the 
neutral atora of any element, followed hy the slni^y lo«l«e« 
at<^ of the next elefsentf the douhly lonlBOd one of the third 
eleaent in order of inoreasinf^ Z wnA so on« A seemenoe 
named after Its first aewhert e.f5» Kr I , ^ Xl» Sr IXT, Y IV 
eto«, i s oallod Kr l-seqrttenoe* Beoefnse evexy isenher of suoh a 
se^enoe oontains the omm mmher of extra nuelear eleotrone» 
the energy stroetttipe and the spectral lines arising: frow 
ssemhers of a setmenoe shoir remartrahle similarities «^ on^ thetn» 
selves* This i^rorides m inralnable itieans of identiiying 
transitions and obs^in#; the assara^ of identifieations e^ ong 
the ssqaenoe (Bdlen,19'>4). 
To start with, the spectra should be ooeipared visually as 
regards the position of eorrespondinfr l ines, their intensities, 
and speetroseepie intervals, Then we laalce use of the folloirinii; 
relations to eenpare then in Quantitative details. 
/ | B n •• o o 
Wbers f is the tern value of any level involved, n the 
I^dhenr oenstmt for the «ten ooneemed, 5 the net effSetive 
ehargs, p the penetration of the oore hy the partisular eleetvea 
involved mA ^ ths oervespoRdinK qiuantum defect. 
15 r: 
Bdlen plotted i^/h as « f^otioR of J5 ©r -5 m^ obtalnod 
straight lines for M I* snd l^ a I^Iiks soquonoo as pxvAiotoA 
by tboso 7ola(feio»s« 'Stmn ho sueosodsd in sii|i|ii*s8sinii; tiM sloipos 
of the isooleetvoBie oawos mA in xonflsving thoa aliiiost hori«> 
sontal T5y plotting eithor t • *^/ni^ or (a f ^ --^ ) • p a^dLiist 
-5 f bee«is« ttie Tariatios of a or p Is ir»ry m^nSX atonfi ths 
goQUfnoo* tDMs poztaittod tlis uss of •ory sonsiti'vo soa3L«s iilim^ 
tho y-axis* t i s eallsd rodaosd tsrm vattio mH pIotteA a^aitiat ?, 
OTS I i t iltustratss thaffe "'osoloy "^'mt i^ielt was <fisoovorsd 
originally for 3G-rayst i s valla for ontieal tfansititaas also* 
Th0 ^nios of *^aien in Asvoloplng isoolootreaaio ooprpsrisona 
i s nemifsstsA in suppressini; tho rising tronAs svoiy whsrs tjy 
taking into aooonnt the exaot theoretieal ea»se« so that all the 
relatiims oould be made as liorisontaa as nossible. Any flei^artnre 
from regularity oan tben t>e AeteoteA on a sensitive ao8le» the 
partioalar oastse of ttie Aepartnret e*g*« interaetitm Aue to other 
levels* is AetermineA or the iAentifleation altogether re.leeteff 
as false. In imrsu«ioe of this ipneral plan, he neteA that f f or 
T/(-S* 0) , T/(-S* C) sort of Amotions with a soitaihle ohoioe of 
0 oenlA he trieA against S , hut f / (^ * G) SMM out to he nost 
satiefooteiy. f/-^  tisnally gives a negative slopof aAAitien 
of a eenstiiit to S affiiots the early aenibers of the sAf^ menoe 
sore thtfs the latter ones* the relations, therefore, vary 
appreoiiA»ly over the first few wtsibers of the se(|n«noe« hut 
finally settle Aefen to a sore or less horisontal line for larger 
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ifaltieo of -^ • 
fb© faet that tearas Tnl$ with vquia n are i?tprt»«ntea t>y 
nearly parallel lines> as ssan from tha above relations, 
stipj^sted the additional representations t iffiioh allovr a ISTRB 
soalo ana more aeourate and detailed oorsiparisons, (A ^  « A T.)/J' 
plotted against S Eeive aSJiost horisontat lines for Be I-seotienoo 
end etlters* %re, AB i s the difference 'botween two eneriiy 
levels ^ and Bo and ATI i s thm differenoo between their series 
limits "I*' and I^, 
If a set of energy levels I5n(n • 1,2 •••) oomrerRos to the 
same series lltalt or to limits that are not far apart, the differe-
nce of any two levels 1^5 oan he plotted in the form of fiVC "S •*• <^)9 
i^ere 0 may even he sero, to obtain almost eqtially horisontal 
isoeleotronio relations* 
the series lixiits are 1mo«m with speotroseoole aeooraoy 
only rarely. Therefore, Kdlen evolved Bjethods for oeiiRparinf; 
enevffy levels BnlJ, aeasured from the impound level, Theoreti* 
oally speaking the lowmid level has a term '?noto3o itself and, 
therefore, 
^13 • fnoloje - TnlJ 




i s Btplctly vall^ for ofm ©l«oti?ofi aystom m\ft ^'* i t omilA 
be vesy tSBofully 9f^Xiiy9^ for oop»pli<sa*Qfi Byotewa as vmYi» 
Qm9l69viTip that two leirala of a atjootnspt in r©isei?ts3.# a»© 
charaotaiflsaa fey ^ffasant soraeTiinf oonatanto a^  «na a^  > wa 
tf 
wMoh i s lifisoff Jto r^  i f w© RorrlQcst th® snail irarlatlcm in 
aeraoninf: witli ?5» "fearefosa, trimsltlona bot^ '?eftts t^^ ann© ohell 
(An • 0) ocjsJl^  tso nicely reDraaentoa h^ t>lotti!tp. cr-ZC j^* fJ), 
Tf n^  4 1*^9 a-lTwotvas OT a^AitiYe hy< r^ofaT»-llt-e tranait^oB 
• °"H 
t^ wsfKlas 
a o^od iaoaleetronio vapvaaantatian in ttiia oaaa. 
a^na tinea tha cpmind eanfigayatioii haa a aiisnlfleant 
fliMh-atTuotnvat In t^aaa eaaaa, tha Inasaasa of trswrna Intarrala 
with "S int»a«iiaaa m additional AlYa*«aBoa to any maaaax«a <r- or 
Snl3, whlah la aqiilTalent too- • thla AlTazytanea gatsrld o^ * 
by aabtraating tha eantva of grarlty (c,i?,) iralua of tha iEvoana 
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oonfifcuration, or «i4>it«arlly on« of i ts onor^ Intovralo eloso 
to i t s o,g, Taltio* 
Tho ftbovo idoii ha« t>«ott fUrthor K8rmvalia»& tjy aatstpaotliiR 
froe tlio oneriiy B11I3 snothor •nerpy lov»l '^Ij' ai?"blt2«pily oho«e« 
fjpOB tho s a ^ oonfl^witlon» uiofvidoa that "Tnlj I0 seliably 
knotm all thztKtf^  the 80Q(cienee of intesvst, 
Saien plotted the CI X«'llke trastitloiMi 3t)'-5p 4» Isooloo-
tronloally to oorapare obsorvod tj^ansition frnm^nelesf Ivrespoo^ 
tlv© of tfeo levels Iwrolvod. Ale9e«iia«s* ot al« (1971) hare 
sueooBsftilly plottod against ~S » trasisitioriB to diff^ront 
loimls of a RTOtmd oonfif^uratioti utioso intorwale aue «ot Hf\own, 
Zt vas noaoible l>eeaaoe suoh tvi^sitions ees elwa^ be treated 
as diffevenoe of tereiSt hewing tbe Q&m or different ii-^ali3e8 as 
» 
desoxlbed abOYe, 
We oan also plot oonvenient parwieters ooftstitntin^ tlie 
eaeri^ expression of partioalar levels rather than energies of 
those levels thsaselves* 1?his pemits a more refined anaSjrsis 
and nere sensitive isoeleotronio eenpaxlsons. 
i^ dlen has plotted to #freat advantage, affainst '^  or "5 or a 
function of f f paraweters lilfe ?^, ?g, 0|,'Snl or the sereeninurs 
that represents the spia^oxbit interastion par«ieter -5 ia* One or 
both Tazlables, to be plotted, oan be taken to be linear eombi-
nations or even Quotients of these parmeters, as the oirsulw* 
tanoes deswid. 
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TfMwi n«thoa8 1>oo«Mi 90 p m m i ^ l as to mvoat laontifleik* 
tltm oiTPore [o.i?« MXtm (t«564) flateotod tliat t^o peT>oirtert 
itroajia li i torral of ^ V was false) « or ©vart «l?i©v eitparlweiital 
8!i*P0!f» 80 thmt ontde ©"jrooJKtJ^ if^ tal ddta e&n be fwoothed o«t. 
Ar^ en*' t.^e •**l*^ t swi^al.af'ltlaa to Tie i!i8oova'«»eNl In a t m l o 
©neotira \s??i8 tho ooo»3??ono» of aerlaa of llsses 5ii w^loh t^o 
oi?e?i9a in a ror© or loss JP^^'*' RI? wasinet* tmmr^s s^ortop wsrw 
l en r t ^ s , 90 m to »^ #-o t^e soipioa octrtVi^Tfm towards a asf l^ l te 
t i f i t , ^ 8 s « l inaa oonatlt«te ^aba -^ aarisflf ©nei?^ "^eirels 
InvotTB^ lf» tbo^ bava a l l tbe qttaTttti^ wsmbaT^ aaina, crcr^t n 
tha t variaa, 
A sot of anax^ level* eonatltatliys! '^fiborp aoT^aa e?m bo 




wbava » • a •• An, and <^n ia aallad tha fttamrmn aafaot* o^sf 
arffiii|)ia, |ii aaaa of aini^a alaatvan aTataiRat thava ava (3n • 1) 
lavala far mf «# so %fa oai> writa a Aifftorant taxn valuta 
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foir •aob of thts* l.«v«lst BO as to mwlm a Alff«x«nt Q^g to 
©v«j;y OBOjpiar Iwfol •oparatoXjr (is • t ,2 . . .» 2« • 1)* 
7h« tbooxweioia toffs 7,jjg mast bo f»fisax«d f^ne tlio 
eo)?ro8t)onaing ooxlos lliaitf KfvosiOao tlio •sepoviMmtai ortoyigr 
Bj^ of a levol ia IMHSOXOA fswwi t!io Xomi^ '^ aost or i^ w»mfl. ttvol. 
In ox^r to ec»meot 'TJ^ ^ wltli T^t wa amat know tbo ufooim 
fiiffOrenoo iMitwatti tho upDOXMsioat and tl» lonos^^oat 3.«v«la» 
vhieh ia tho lonisatlim potontial of t!» eyotosi. 
Sinoo I.'^. • J^ • f j ^ • ^ 
ceplaolng nn t»y 1 to rapijtaont a lovol o'' a o«© or majtf 
•lootvon «y^ at«B In ^nmrwii* Onoo tho Xlrait ia fia!td» tfia 
Quanttna Aafoota t^ji or tha affootiva citisrittiii mratiaip B | oan t)a 
eoleulataa. This faot m^rlf ^aeiovuitvtitaa tfia fisftortttnoa of 
datarmining tha ioniaaliati |»ata»tiol with apaotroaoopio 
pvaaiaian. 
In ntolaflnlor apaatr* tha limit of diaaooiation i s aatar<niiiadi 
hy platting m Imem mmSfT of tamio in tha fom of band haaAa 
whioh (^va l iaito of •ihimtional handa. In atonia apaatm na 
eottld odai^ t tha mmm pvoaadaxa, i f * lav«a mmbay of %dt»ayfir 
larala naia ahaavrabla. T a^uaHy, i t io not tha oaaa of ioniiad 
atana ahaia afilr a fifvt fav %dl>afff laandiara a>a «r«il^lo, 
va» thaaafaia, t i ^ adraBtcia af tha vagalar 
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•It* Btmi vasritttlon of tHa «m»ttti!a fl*»f«ot Alomr %dt>«r^  «r<»J!»l<i8 to 
^im. <?,51^ can b» rij-arraniwr' in th© fosf? of t^e ^ t a 
ITn tMs forr? t> i s fitile-^ Msmaen'*' o"^  t^e oTioio© of wirtm' mi''%®i? twi** 
071^  !">a?« a coT'veni^ n^t. ^Igo* ^mtjitieufi ( 2 , ^ f f».^3 sr.a ^•54) ^ 1 1 
1)0 auffioiont to ^©toxf^ in© t.ho tmlmo^ m a, I) ena J^j Sf ©n r^py 
levels ^^ «i« fiieoi»i?«t«i.y Imoyn for tftjwie ?««f»t)0»ii of t^e 
i!y^«i»ff serioa eonmnnmt'^iw to th© 'tiown totfiCI anatitiim w?t«'b©ws 
The ocmatioRB aawt ho»#«v»rt iJwol'Wif' «n*« th«i?ofoi?« a 
aiiraot aoltttlon la not tieaaibla* Wa m&mt a ra«>ltai!n<ition prooaaa 
to aolira tlian, atavtinr with an approiriiRata ir«tiia of 3^^  t»^at oan 
bo gtiaaaad* 
BicplioitlSTt %«• obtalB ulna atiaatloRa in tfixaa aeta 
ponaiBg to aoaaitioma (a^ie, ^.^J #i« ^•54>, 
fi^*at naiAK ttia ^laaaea 1^ Taluat thvaa mtiprtndMaA* tam 
Taltioa Tjj axa fltotaiifie<^ tnm ^m» (2»!58) %rliili^  in tuwi ttvaviaa 
2'^  /C 
fwo of th«0« s^ aiifflo© to ddtoifnino a anA tJf tt«iTi^ tl« tM!(*« 
^, a b«ttffr Kpiproxlnmtlon of the thlpfl t«3ff« *» o'' ^n ^^^ ^ 
obtained!* 1*hia foodod to OTSB of tho Kfi»s, (?>,!e)t will tuwrl^ o^ 
a liettep frmjwtlwation of ^^ '^ a^t will f^vo trotter valts«s of 
t?^ for* t*t® &th»T two e<n7atio«8 of (S.'K?). *•« t^ rooea^  %dt^  t^la 
cvolQ to otJteln a sooon'l I'^ifavt'l peppvoicimeLtitm of j^^  etn^  so 
or?, t^lt t ^ difforono© tiotweon f^ © last two spj)«»tlT«ate« 
vnlwoo of "^'1 («r'eoes»lvel^ dbtalTtea) la loss ^h»n tfio Sesli^ f^  
I lnlt , 9^ fifial Vftltjo 1» a^ .otitoa tm \ nnil. tit© owaptr^ ftefaots 
a3?0 ooswospoafliji^ ly enlwilatoft. 
In oMer to iiolileTe t?ett©r fto«»rao:7 lileltor tor^ ai am I*® 
artdea to t!io nitn fofw»ln, so tb«t 
2 3 
?^t w» afeottld pro^aft f*ot» tt»« two - aawnotor fojrrala iti 
atapa to Ineluaa tbo tMj?a «n«i foorth tii»i«ia» It in mmn in 
]i3*«otloa that wa oajit i>»»o©»<! to t!*a fo»rtt^  t « » i^ 3»ofltrfily in 
oaaa of iiitpa»t«i*aa a-aariaas only* p«»aaylas ©an profitaibly 
a^l t ii|>ta tha tMyfl tam^ It »av tm t^a oaaa alao wlt^ aoiaa 
ft-HMivlaa of heavy jitoma, Ter tha wat of tlna aarlaa a two 
taaw Mt« fanmla la aufflelawt. 
Pwe tha hfdmm^iQ f» i?» H, ato» tax t^at tha iftienttia 4afaot 
tutimmt «at ibi9 to tha panatratlon of tba outaxMnoat aloatimi Into 
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t!)« •loatroBie oeve* Imt #i« to t1i« |iolfiyls«tion of th» GOV* in 
th« fl«lA of t!» out«Vi-iaost •locttron* ^h« •ariatlon of tl\« 
miantiiiB aefoet of »woti lov«l« wltli ii!eT«ta»lti(8f « i s , tliiswifost, 
ob««w«a to bo in tho op^ofllto sonoii (ineimntitn^) ^ thar its ttio 
case of T o^not'rat^ on (dooreasl^ ^f^)* "^ l^on ^ns ^ovotonovl Me 
T)olarlgatio!s foyfola to fiofil with th«f<o o?i8oa a3if! t^wlsy 
olstalno^ n woi^ aow j^fate ioninatitm potontiat i f n mm^imT of 
Our wo?!' dooe not IPOIII^O mnah omm arsfl, ttsaiwfosfe» we sr@ «ot 
*lcl!0^ t^t)inc tH© t>o"?,arinis^ lQa tf^eof^, 
••fe em oslotJtmto txfom Bo1ij»»*^ o^rwwi?felA-'^ i3?ao ecreatio!! ^ 
otyttotiiro of" a !iyaj?o^ii-lil<'o speotriir; mlf» .^T^ twot tliTwo 
oir wore «"loot«m« at« liwolirea, t!i«ls» RUtual Into-raetiona 
eontril3iit« to tho enoxfcr 8<^  f i^o^ that soiao othni? nelHPiNio ha^ 
to t)« A«Ttlop«4 ifi an alto^t!iS!r dllffiiiwnt foins. fhi« was 
«ono t>y Ravtvoo (1928) Ijy isyopoainff his tsot^o« of oolvlnir tho 
o«itsml~fiol« pNtolora, woilfiofl Isy th« ^y«»«nc« of oictifa«mio1.oar 
olaotvonat tirtioso vmn fVjnotlons MQrm «y!W!ioti»l»«<l, •'•hlo <3S<! not 
tairo into aooonnt tha olootiwn ii|»itt ana tha 'P^ftiia eocalnoien 
pvinoiyjlai aowootioiiii had to t>a, tbo»ifoT«» mypliod to Dirao 
feinmlica to oonrpanaato fw thorn. foo3c (1950) iniiimw^ fi|»oii 
th i s Aoftot hf introaiioiniK amti^ HKrvnotrio wwsf tmietimm in 
hi* olribwrata fonmiiaRi^ aallad Hax^ya* - ?oflSr laothoa* Thio 
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giT«8 ft««iiyftte vtsolts tw tttons net too imwnn othor wiso 
v«l«tiiri«tio oowtotioiw baeom ioportsnt «na mofl IMI intvo-
aseed Into tlio thooxsr in •ono wxitftble torm to tt^ oxtont 
foaolblo* 
Hftxt3?»o«>Foflik nothodi OVOB idthOBt Tolativiotio oosmotionst 
boeosioo too eo«plle«toft to htpnaio on asn atoxwrn oowjmtor. 
Hoio«tivt«» thoroforof ttttontptod to moAltr i t to maim It 
8irat)lo and t^ liiyoioftlly »oz« eonprthoiiBlMo, Sl«tev*s lif^ l(»iir 
voxfe (1930 9 60) ! • ttw noot iapoxtaSBt in tht« nsfwet. It hao 
boon esBpl^ r doiroloiMia ana doseritiod t^ Ooiidon tm& Bhorlloy (1995) 
also* 5?!J« xeooBt t>oOk of Frotao-Fieoboj? (19T7) io a valtiaiblo 
addition to the sab^oot* 
'Sfm atosiio eno»^ stxuotoxo i« eiepxosood in the atxyve taen^  
tioned tbeoxy in the tovm of eeraplioated integ»>«>diffe»mtial 
equations, fhese have ^en sieiplified so as to divide the iihole 
eonpiex into snallev manageahle integspels* oalled Blotexf 
parameterst thsf aam written in the foxn of !^t \$ 'fnl and 
B,g« flMse integi?s3.s oan tm evaltialed on rif^ torous theofetioal 
basis t (••«• Ooiran» 1967 • 68) OP tveated sinrplsr as adjnstahle 
pansMtais in q^iplieationa to obsexved speetra* 
»!ie theeigr iarolvinip ?, 0 and :f integrals mlr io lifflited 
to 9iM0m MMfiiaMtien aDprmi«ation« whish means that no 
^antm •%«!• ftm ant side the eonfiguration in the study i s 
of anr MBMfMnee t s i t s stmetttre. Bat in praotiee t)M 
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exeRmlos aiw crulte oft«n •sat yfith i*h#i-e i t Is not tsnie and 
o03?tRiifS levels ©f on© oorfl.miratio« infltJtnoe a «Mi5?tal« m'wl)*!!' 
of lovelo of Awothey oonflimratlotJ. ?5iieh intorotttlons f<T« 
tp?to?» Into aocotmt "by nomia of CTOJ^ f?onoral T?^  Inteiwnlfl. 
^h& intef^reHn ««not©« 1)y \ ( n l t n ' l* ) ^pepreseat that "npjrt 
of the olootfostatio orjorigr %#*iioh dot««As on the oflo?rfc«stiof! of 
t!!o l-vQOtoTS arii! i s •»^»?ionBltjl0 for t !» sor^apatlor! of toms 
with ditfar&nt ^p-valwos in •'".S-eouTjllJig* S'hoso donote*^ \fy 
CJJ(R1, TI»1') as« t^o oxetian^ iistofwalo that eriire the ©Tiorj?lea 
6120 to the QKohaxmo forces w i^loh aer^ eisd on the spin orientations, 
^hey occuse the 8T>tl*tin^ o^ tor^s with ermtil 7* l>tit different 
2 t o t a l mslfi 1, Tn ease o* equivalent eleotyons onl^i lilce p QT 
V • \ npixwmt&jm flo not ooour, -S,jj^ io the nnmotie opla-osi^lt 
intejwetion pw^mQtnr whioh gives the fino-9tsnietui?o splitting*, 
k In (oar omm the «nrou»a s ta te i s p ^ where F w 1 , ?>, 3 a^d 
4. ?he enerpfies in towis o'* singfle oonfi^rfttion anproxiiaation, 
2 3 4 
for p t p and p wi l l be the fell«ifinp i f T,«uoofwplinp: holds 
frood, 
V^\\ • f^ - fig •|"^p 
\ . F^  • ffg . J^p 
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•^ 3/fe - n • tt -5>>^ 2 
p^, t/lg 5F, 
\ «f , f^ - npg 
^^ - 6^0 - <5^a • f *^ P 
^j> • m^ - ts^j , +"515 
In oas© of p «Ri u » only •Ho T» latosfval Is Itwolirea, t»tat 
la takoct oai« of tjy ^np , ©aded to t*^ e e.g. value of t!»« 
oonfi^i^tlcm* 
k 
It i8» howoYVF, known that |» oonfignrntioiifl iiu1!)SOX>l!>« to 
IntofvMaiftte oonplini? OVOT! fot* tlio Itlgiwi^  «orrtHii!»« of iooolootro-
nie 8oq[(ioiioio otertinn with n mt [Ohaii;ht«l et &!• (t^75) 
Hfthiimillili ot o l , (197fi)]. Tl!ioi««f0ro, It la "bottor to wako tiso 
of tho Ifitonwdiftto eonpllnir ooloulationo that i^ lvo tho following 
•a l i ios t 
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%/& • n 
p-^ 2?)5^ • 5F^ * 6?j> 
4o 2^. 2« -« 
whsrt d r«pre»0BtB t!ia roatii of the oaMo efroation 
©' •at i^ go^  • (90^ - |:5p^) e - - ^ 2^ ^ ^ - 0 
'P, . «?, - 151-2 • | -?p 
P« 
Otiwv •%«%•• iinrol'v«4 In «y woffe as* ©f ttni f©i«i D^^^nljv/here 
1 « 0 aiiA 2« It i« not diffioolt to iirito Amm S lu^r oxpvoooiono 
for p • oonfienmtiono in 7.sk*ooitpli»ir (Baion 1^4» T»« 105). 
Howovoy, in noot prootioal OOIMO, « novo nonovol oituotion 
2P-u 
pvrrailt that dwsimda intonswAlat* oonptini? tiMi^ tmont. 
In thie tlMflia W9 «39« not a«8orit>iii^ Vfm int«F««diftt9 
th«oi!y 03? these eeafi#pss*sttiQ: ,^ vi^ ioh is ipatlier Anvol'rea* "'ie 
hsvo, fioM«f»r, «»«d for WIT identi float ions slabosi^te a««nte« 
Farts?©© ealottlatlona of "^^ ^ .^ Cowan to i^le^ swfofwee 1» 
alsres'ly na<lo# ' e descpi'be 1>@*T erw In a f&w wrHls t ^ prooectur© 
of hl0 oalenlatioBs aj^ a tito etr^fpatev eutisat ef Ma reatitts tliat 
W9 ^«TO t !8e5, 
1?o crroyy-mi^Xify tt>e sittiatioBf Oowa» lins iinQ^ tbe orif^nal 
nartsreo e^en© gasd Btttjt3?aote<4 out id.th i t s feel|5, tv»« self-iitfcei^* 
aotion t©2!!!i, that oftouwi in ^ecptvet^^oek sohewe. ^ov the 
roaalnln^ portion of the a^rts?««»FooV ejcohanr® tewis, he has 
wseA the sppreidUfiaties of iwt>la©i«f? the f?BSftree-1'*ofl8e-*^ late3p 
potential hy the elaaaioat potential enejgj^  foif the flenaity 
Z'- Z' foT eleotvofie other then i , Thie he has done *ilth tf» 
help of the rariationai prinolple as used in the Thonaa«>fei^ i-
Mifme theeisr of the atom. HeletiTiatie and ooxvelation ooni*ee-» 
tioBs ave node* 
Oowsn notioed that his ealoalatlons agree with experiment 
hotter i f the o^eolated \ and 9^ partmeters mf sealed down 
hy ahent m^ e»d the f^ t>y itNait 99^. I» oase of extr»Hionfi* 
guration intereetion, the eia«()lated \ parepetera needed 8eia.in^ 
also* All this is done hy oemparison to soRie aso»rately Icnoim 
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f h« Oowan p3poi?»in g lva in the ewtpat colwme tho Initial 
ana final energy levels Involirea in tha tsranaition oalotttatefl, 
tlie t?-valii0« of these levels # t^ ® «8*e luj^oip <flw ) and %»«»« 
lenrtli (E) of eveiy tipfsnsition, ttte <»elllator etsfen^H of tlie 
tras8ltler> in tewse of e-veotort s * the wei^ f!irte<l ^rf-fitetor and 
tl»© welirf'toil "ingtain's ooofflelent ^4, In serjarate taMee tl?e 
percentfiPto nisdnf; of all lairete •lavlni* tbe aame tf^ ^alne is i^ iiren 
in teres of ai^ 'fajsent euwrlinp f!ehe«»ea, T,«?, ,13 # '''^ » ,1^ » ete, 
'^ hle allews ws to nndeirstaria the physios of the «?imntn?n states 
involvoa, wl^ ieh i s oowionly ajwrensed ag pnj-lty of the eneff^ 
levels ana theiy iraHi^ion aloni? the isoeleotronie secraenoe. 
30 
^ . f>ryfc. Boo, .JIT!. , 6 1 , TiOm 4 , 50B (t<l71>. 
Cowan, n , ^ \ , f^^s. ^w.jlG'^, 54 (11^7) 
(Jowan, *'.%, •?• f^t» Coe« An,, 58 , ncf» (i^^P.) 
riaien, r » , ne-n, Proi!. f>t3jr0,,srt, ia i (1963) 
(1964) 
^ai«n, ^ . , nolfir T'tgrsiec, ?!4, 556 (197?*) 
i^ 'Ttieae ^iaoher, 0 . , "^ '^ © '^ airt!««®»'''*c»<ik "*«t1ttja for *.tow8*, 
J , Wll«y ana 'Ions (1977) 
:^o<^, ^ . , ".. 'Piws^?. < 1^t 1?*<? (1950) 
tTartw«, ^,11,, ?r©e. ?5apibrl<i«» ? h l l , '?oo,, a4« 8< ,^ 111 (1«*?R) 
Ha<^lt, 'Pr«i«f«F, Ifi, 105 (197«) 
?iiwi»oii, J,A,R» •?«iihnicfu«ii of Taowaa I ' l t rar iolot "ipeotrosoofpy*, 
«T^. WlXoy m€ •'ono (1967) 
!^lftt«r, J .O , , "Ptigni* HOV. ,35 , ? 1 0 (1Q50) aii« •Qeantun *I*I»#OIT of 
Ato^iO StMI0t«»0» Vols* 1 iflftfl 2 , l»0<5y«#-^lll Booir Co. (19^0) 
fi^ ,r: P, 
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fli© el|!^ ht titmn lmim& m^atmm of laoljrtjrtwnia, ^o I^* Is 
isMleetsvPio with S« !• In this oh«fit«i», w« «wi rt«all»« %iith 
th0 gronnA ooiifi^vati^m 4a^4p and tb« tzoitAA ooisfiimvfttions 
4« 4t>'n0 (B • 5» 6, t ) and 48^4t)'na ( n « 4 t 5 » f i ) o f this 
Before aeooyltJln^ oar tinHinm on ^o It e|)eoifioiill7r» t^ 
roview thQ oxlotin^ flata on tho sotiaoneOi as vm heem usod i t 
f ov i80«ldOti*onio ooRpavison* 
7lM old and dioeoi?dant analyoaa of *^  I apaetvum tm pai$ortaa 
In A.1J,T,, Yoi. I (1955? )t twwa baan raoantly wrrlaad Tsy Boilrlian 
(1970), Bylkaaon (1970, 72) and ^evUlon at al, (1974), 
On By II , tlw lataat wavica on Moord ava thoaa of ^ao (195fl) 
and ffastin at al, (19«1), fha \tTlmf addition to t!»a old A.B.Ti, 
•Baoad an vafaianoaai 
1» naiilaollali, i^,, CHaghtai, w,s.f*« «id ithatoon, %, l>hraiea 
Soriyta, 14* t?1 (I97d) 
?• laliiaBllalii K», Ohoghtal, *f,s«^, mid iDiateon, S», Pl^aioa 
3o»i|»ta, 1», 9l (197«) 
5* Khataon, S,, diaghtaii ^.S.S* and lahinmllali, r , , Ptigraioa 
Sa»iT*ta,oo • 00 \197«) 
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d«t« tm ^r III la ^y ^SxmhBpan (t«?fi9). fb* only wiwle on Rb XT 
««a Sr V ia r«p03PtoA by Hgnotn «t al. <1<»74) 80 fw?« 
fhe first voj^ <m t n waft uabllibaft by Obni^tal at al« 
(1973) totlomA by 5;ahia All (1974) ana ilaadej? at al. (1976). 
On tha 4a 4p -48^4p 4a, 5e tapanaltions of !^ r VIX, m> TT.11 ana 
f!o 1^, tba ploiMiarlnf woi*' of C^airhtsl (196<^ , 70) was toT^omff by 
flaaaes? ©t al, (197fi), r^ atmbas at al. (1976) ara ^Mwullab (1977). 
Oas? '»i3?ef!0Bt waf^ - aobatantlally iwpiwraa nncm a**nlyR9» of t^a 
4i3-4ft, 5« tr?m9itloii8 of **o T* mfi piwviaea V^9 tf^alyaaa of 
4tv-5at 6a ana 4i>»6e, 7e twmattlons foF t^a finst tlwja, 
3.S fSfff^ Qtpff^ , jyf y^ ,^ IK 
9his fcMT a«ftii<ralant aleotrons 4p of th© fj^ estina eonfiipratlon 
of ?*o K flva yi?^ a to '^ t^ B ana 3^ topsa 1« Ineraasinf? order of 
onarRjr. ^bo f?i?ouna-!ao8t leval ia ^gt aa »»JOTt tban balf of tba 
4p aub-aball ie f i l lea , ana tba Ion i8» tbarofox«, ?>a3«apia|i!natlo, 
Thie 1«TB1 ia ttnown to Intaraet with '"f"^  of tha ntme eonfii^ra-
tioB» whawiaa ^^ Intavaota with '^^; iP^  ia tha only tavat of 
tha aonflgaivtion that ia iatavaotion-fxaa* ^baaa facta i^^ va 
viaa to tba imaaF pbanoeianoR of ^^ eroaaini^ !: aoum nP^  betwaan 
tha fifth ana aixtb matRbar of tba aacmwioa, raanltlnn? in tba 
ana«al«aa ai*aar of tha triplet lavala 'pg, 'p , ^^. It waa 
tbaexvtieally 1mmm alnoa Canaan ana Shartlay aavalopaa tha 
theory of intofmaaiata ooopling for tha p eonfipiratien (1935)» 
but i t mm axporiBiantally obaaxraa by Obagbtai (19a9» 70). 
¥h» finrt •xQit«a oenflgarfttioii» for -lh« liif^ her mmih9r9 ef 
th« 0«fm«ne«, IMIOOIMS 4s4p with ^ 2 1 0 "'^ ^ 1 '^ ^^' stmotum, 
'?l)d iwst •xel%«d oonfignvKtian is 4T> 44 tbct gl-TOS riso to 
Ifi Utsm ana 38 l«T»l8 alto^tthtr, YIS. (*S) ^'^D, (^T!) 
^•'(S, P, B, P, f?) «R4 (^) ^•'(T'» ii# P). 97 4|>-4« tnawltlons 
&m |»ei?mltt0a l)y tha J-a^laotien swt®. '^ !i« 8tn?ot^r« of 5* ana 
6a ©oBfigaratlens i s siJdLlor,with ths sarMi possibl© WMtbsr of 
4 trttRsitions to ths mfGnna 4« eonfipwratioTt, 
4t>^s oonfiiraration eomos next to 4a in or^sp of dKoitation, 
It consists of six tesws ana ton 1 ovals, ti®T©ly» "^ gt '^ ^ t 
1 2 3 * ^ * o 1 ^ ° ^ 1* -^ 4p-R9 tjeansitiona »?*• alloMoa 
l>y «T*8«lootion rwl« foi» oaeli n. 
Of> flOF njosont pltttost tho st*oots?ui» lins OQRw sti*oni?« ana 
ths ionisatioB staffta a»i ssparatoa sat to mr satisfaetlon in 
oass of 4i^s« ^ mnA 4p*4a, 5a ti«nsitions» '?bo 4p-78 ana 
4p<^ a tnsMiitioiis aia woair tmii thay naw 5?oooi«asa with a solitasy 
(niniHaa) vaiua of tha Iniaotaiiot in tha spaxic oiveisit, ^hasa 
tvansitians aiVt thasafoM* itantifiaa i#ith ttia halp of loratma 
intarraia only» 
tia liava saoaaaaaa in a«tamiiiiB« all tha tmr iiiaaiMnaant 
grmnA intavriAa ^f 4ifr ana lAl tha tan labels of aaoh of tha 
9a, 6a ana 7s aanfliaMdiaiia (Va l^a I) t»asaa OR 95, 22 wmA n 
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In ^tm o«M of nA^enfigarKtionot im h«f« i4«ntlfl«a 
71 t«n8itioiui f)roia 4d to th* ifvotina l«Y»l8» 43 from 54 ena 
36 fjpoEi 6a. with thtlF h«l^, W8 a^tennlnoa 23 levtlo of 4fl, 
16 of 5a and 14 of 6a ooaftgamtion. 
All tho elaaoifioa linoo ar« oolloetoa in AppBniiix IV, 
Tiinos vhitih axo aonbly olasoifioa «z« maxicoa with an fuit«2*i«)r 
ana nnloss ono of tho eorabinatlons la axpootea to t>« vexgr faint, 
those Unas aro not txeea for aoriving levol •aluea, that are 
givon in f fltblo t . 
AB i t la aaia bafosot owr 8paeti?a l i e antiroty in airtrana 
ttltva^^olat, that ean only ha sooQi*daa in gooa rmemm^ fha 
wava mnlbaira ava^  thavaforat aiwply invarsa of w«va tani^ tha 
(in pTopar vnita) thsfoiighout oar woxit* 
fha 4v lairala asa new oanplataly Imown fyon 3a Z to ^o Br 
with go«a aa«ivaaar« ^ axot thavafova, vapipoaaeing tha iaoalao-
tpMiia aanpaviaaii of tha aatrophjraioally inpovtant fotmnd intawala 
in Fig, 3»41» tha aantva of (pwrity 0 of tho oonfi|?tti«tioB ia 
takan to ho at oara anargy* Thia haa t^ aaa tha figoso ayraaotvio 
ana ahown oloaxly that tha g|*onna-«08t laval 'pj *^ ^^* inta1^* 
aoti0»»fpao» whioh iaqpvaoaion la eanriaa i f wa taira i t to ho 
alVaya aavo* It ia woll known that tha oonatant aAAaa to '5 
(aogvoo of ianiaation fltio ono) aoyvaa to vonioy tho oawao ao 
hoviaontal aa poaaibla« 
In 
KIGJ.^t GROUND INTERVALS 4 P • C IS C.^.OF TMK 
CONFIGURATION. 
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All t\m 4« 4p^ inUvwtOLttt M tintdVr «ibt«li}«ft (tht mmv/g§ 
omniH^m ip»4^ sntlarM* lAao)* «gy** with thmm ef ^•ttA9v rt •!« 
(19t6) witt i^ii our «a^p«ri««Rtal «a*F0r8. ''')» iiit«s-f«l» f«port«A 
by thma ten otjtsliftsa f*©^ th© «r»alyal» of 4»-4|> tn^Miitioiifty 
ifhleh ax9 sltuKttd iB a flior© fscroiaifabt© w«v« le«i?tli fwgloni 
t)» Aisrmmitm «r*llat>I» to .n®««tr at at, la alaa Issernvm Va 
harOf ttwvefare* a^ aptaA ttioiF Intartral '^ mltiaa. 
It atiimlA h9 wBsarfcftft tbat (3ofi«aR*o (BX) aalaelatiaiia 
raDiredBoe tha -npmm.^ lutoirvdla battay ttiup hia ^ eo<!a« Fay 
a3c«B9le» T!t eassaetly fsafliata tha ^^.^ iiitasnral to l>a imrartaA 
In T f l , ^ovms aeoo3eaiB|3j to hla ^? i t atiouli i io Iwmrten 
only trem ZT VII omcKPAs, A fuilor diaoenaion of liia oaloQt»» 
tiena faX'^mm latar on in thia «rta tlia aooeaadinir oHaistava* 
Tlia diffiaaltiaa in iaantij^ing 4p^fl tnmaltiena of 
highly i«aiiaod atopis aani %iill >tiofiffi« '''ha ifiTdblmm vtrnm fsfmt 
pvooiaa ioniaatien aopaapatlena in a taxy <lmm»» vooatsnil vagioa 
(aoma tinaa aontainin^ 80 li^aa imr aagatyen ev moMt that ««r 
halMig to f«ny or ovmi aeira aiff^Tant iona) to intiw-aonflKiiva* 
tion iatavaotitma • not aPLl oonaldayaA in thooratieal aalanlatieiui. 
aiiaghtai*a aavliar iiantifioatloRa of 4!>»44 tvanaitieiia i s 
Ma IK ata* iiaxa naAa with tha halp of Oonan'a (17T) aaltnlatiaiia f 
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Fiff.S-5 i ^^^ 4fMp'4</ levels of Se I-like spectra. C is the centre of gravity 
(eg.) of the 4i'4p* levels. Theoretical level positions for iMo IX (Cowan, 
1976) are shown to the right of the observed Mo IX levels. Included are 
all unobserved levels with J <3 e.xcept those of 'D, the lowest term of 
the conliguration. 
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tiM Mwi «lsil«t ^^•Tg snA Bfmmmm (1970) tstiftylitlwA 0igBin-> 
east 3»»9d iiit0ra«tieii0 ia 'i^ i •XX7» Zl» X CBA tte iaovltotx-onio 
Bpetttxm* ABd i t was to 1»9 sfaapeot^ a tfiat t!i« ««»• tbinn %r«Ria 
hmppmi in thtiv »«xt p«»toa howoloipt*. Jft t976 Oowan f^ i<ni8h«A 
«« with ««ir o«lcml«Ucm« im t!» 4»^ 4p*^ —4«#**^  • 4«^4p^^4« 
tirsaBitiont of s« X»t£k« si^otvat oslnist a Has'tzva-'^ oflde ooda this 
tisBt tbat tatras into aaaoont lalictTig of 4p 4a ana 4»4p^ 
oonfif^ixAtioiia, ^ hava tiaaa ttiaaa ealanXationa in ma* tixaaant 
onal^iat in Whiali tlwi foltowini? era t ^ only 4a tawiia ttiat as* 
not obsawaa« 
(2p) \ 
wa haw plottaa %fm 4?) 4a lavala in i^f^ » 3,51 laoalaotyeai-
oallyt tdfeing (B-o)/(54 a) IMI ©vainata i?athar tlian "^/{S* a)f 
aaa to tlia vaaaona axplainaa alKiva* 7liaa t^m folati-ristia 
•rmvm aontrilMttion to tba inaiTiaual f^emmA lavala aoea not 
ttanil^tat itaalf in tha 4a oniffas* Pamaon haa xvoantty talcan 
«p tha tfMOyaia ^ t nt Tr ana Sr T alaha]?ataly» ana hie wnek 
halpaa na to aataihliah tha oarmot tvanaa in tha iaoalaotvonio 
aiaiMP <ft«» 5«9f), Tawaan'a raitiaa foif ^T • eoaia ha inaaxtaa 
in tha aiaffimw hr hia hina faxmiaaion (Mian, pvivata iwamniaatiaaV 
t}ata on aaiOLiav aaahava af tha aa<|iianoa am of no nmotiaal hal^* 
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fbtrtfoiwy th^y mm not ]ilett«a« 
m itot« th«t 0oifiin*8 tr? &o^ a has ipusbtd t2i» iMftiOy •11 th* 
4a l«v»l« by • f«v thiKiMdia W in oospsrimai wltH th« olfl m 
ood«, fl*t old (H%) viatitt dopfirteA fSfcra tbii flitally esta'bllgt^a 
«a^il««f!f«1 l«v«l ir&lties Isy iibsat 27000 «a in o&m of 
4p^4i % «»a tqr «t>c«t 440C50 mT^ in eaw of 4f'4« V , , ffso 
a«payta» i« ro«Booa to 5000 ana icm m wi«|»otiwly for tho 
new ealoalidioins. It is^ fio««»vap« oviitent teem ^ip. f.5t that 
only Vm l«v»l« ooRiititatisig t^m Immr lialf of t^o 4a oonfimivii* 
5 tion 6S« 8ff»ot@a 1>y tbo intemotlon vittt 4a^ to this oxtoitt* 
Tiovolo in t1i« wjT>0r half of t!*«i oonfiimswfeiofi stigr lei?p«ly 
nninflnonooat cnA hoseo tlioy mm titnatoA 1»otoif ttto noWly !)¥•<• 
dietod positions by ittJto 5000 on • J^his botworifwr winiht h«v« 
boon o«Q8oa t)y into^aetioii with 5a le'volo also* 
3«6 4y*gffi g^flffl^ taiWW m gff ''fTtH 
tlio 4p«»5a t«*aRiiti<ms aa?« ona of tlia aofoet frrmpsot traiiai* 
tiona (tlmg with 4»»4p in hi^ar nafnfham of tha oaqnaaoa) to 1>a 
k 
iaastifiad in a aisaetftmi that has 4ii a« rnemxiA oo»fi|>;m>ation, 
1'hia ia lMot»iaa i t involvoa two a>iall9 of tha aitaotsnui (with 
unaaual «-Tiiluaa,haya 4 a»a 5)« Sweh m^mpa^ t!M3?afova« ahift 
oonaidaf«l»ly to tha ahaitav waf* lanirtha in f^im to h i i^r 
iimiaatiana» with l i t t la •T aa ovazli^ p* !^oh a tmnm o«n» 
thaxafofo* ha lAiaarfaa ffora in faroanihla oii-ovuMrtanooa* On aana 
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4p»5t tniBsitiims asm also O^MXT*^ to t>« miffieitiitlsr stronfft 
•Ithoofi^ Ss i s th« third •x«it«d «<snfiiantioii in oi^tr of 
inovoaaiiig enovp^ In oav stMotra, 
l^s« iaoelootnmio plot of 4o 58 fwaa ? VI to ?*o IX i« 
giir»« in ^l|jj, J.'^l, :S 0-^, *jflj«wi 3^-H i s tho l!y«jfo«eTiie vulne 
H/(4^ • 5 )t io aloo fluMsmotodi fwtm tiio lovol. enonor to get 
rid of xloinsf trondo that ar» »anif«ot«a inrexda'bly «th«r«fi««» 
It ia OTidant froei t** fi?mra t^at tha ainplat andtriptat 
atsuoturo of tha loTalBt intaot in tha baginnini^ of tha aattuanoa, 
i^iroo way to oloar oot pair ooupling for tha !ji«^r fmrnhers, 
fha aana old data axiat on t!« 59 lavala of tha first throe 
namhara of thia aaefoanoa that Ghai^tai i»lottad in 1970, Wa do 
not rap»ediioa it^ tharafora« iffa ha:va |MlTaB» along with tr, 
alao tha I*S»notation in figm 3. fit for Vm aaka of oontinnity. 
7hraa 4d larala of T Tl ara Allotted in tha graph to show their 
poaaibla infltianoa an *ia lavala, Tha \ '^^Mf2 *^'^ '^  ^^  found 
to daaaand atowiy* eraaaim? ( '^JM)^ hatwaan T TT and ^r 777, 
Thia hahcviaar oan ha explained hy tha faet that aeoording ta 
Oewi»*s aalaalatioiis* v ^ i^)} i« nixed with (^^3j^)2f (^'^^/sth 
and (%yfe>2» «>» inflnanoe of (^^5/^)3 «»d ^%/&^2 «" 
^ 3/S^2 ^^ Mitiiallsr aaatraliaed, as tha ipar<)anta«w admixtnra 
of tha Itii^har lying t ( '^3/^)2 ^* alweat douhla th«t of tha 
A 9 
naarar C^3yg)2» ^^hila tha faflnanoa of ( ^M)^ inoraiaaaa as 
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if» pyeMttA fw>» t VI td >»e IXf h«tt0« th« A«i»M98ioR of ( '^M)^* 
om ' too hii^ (?1«. 3.61). *hi» ootiia ti© flno to tHi»tnirt)atlon 
JTmBis 4 ^ t i g , 
I/O h«v« olanaifiei 22 ti?wn«ltloii« to t!i« 'wsma eoiifljpr»» 
tlon 41.*. «»<»> fn», 4^> .^ « a fp^T.. .«t.<bll.hl>Mr .OX th . t « . « » ^ 
gy lo^ols o? %h9 two oaroitoa o<»tfi|sms?atlo«8. "^ i^ fehor l«otitlfioa« 
tions of 42 4|> f^t mtk 3$ 4tj*>66 tpfmeitlone l©^ to tfio detewliuitlon 
of 16 4p%« md 14 4p'<Sa levels, AfWooiRont ^ t h ot« thoorotloal 
o^ealation of dmnm (l¥iTttto o<B«w!imicatio»t t*^ 7^) i« poo .^. *Pho 
line* «?7,20fi, 97.41^» 100.246 aW« 117*014t ai« «^ oat>ly olnoolflod 
in thm mmm o|>oot7i»| t^m «8oi«pi8«nt« ai« «aiiitni»«i1 booioiso 
thoy f^mio^ nioo Intojpvalo witli unam'bimaiialir i<!r«ntifi«a lAms« 
fh$ lino at 119.11411 la alao olaaalflofl in Wo VlIT, Imt tlila io 
a bvoaA Una aad ita anoAiiloaa intonai^ bahariomr olaturity 
iadieataa tha ovarii^ af a ^o T7T7 on a ^o 7X lino* ^ not %dth 
m lummtSLV^ tivoaAaiMMt hair l iM «t 9i«ee7t that aooia ba ooafoaaA 
of a wmittiw of liiiaa. 7t ap?«ani fsron t)ia ona^ala that tha thsaa 
tronaitiaaa 4fp^^Ji^^^hm (*3>) \ , 4 / % - # ' « « (*^) \ mA 
4i»* l^H^4p^a (*B) \ mtmv al 9«.077, f8.0S7 aM 9i.097tt 
natiifally thaaa ooaia not ho vaaol<va4 on tho apaotvoffraph iiao«« 
Wa hava fut hroijkata to thaaa fl«Bxaa 1B kppmMMM IT, 
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fh« 5Af ^Af <^ i  «nA 7« l9Tols ooatfl not bo emmeamA 
5,*l1i tt^im Into fteoomit th« xwirfittetivs lialtfi 415' ^^3/i>t 
Htm 4?» lnt93nrea» «»• Icfiuiiin from m^^ iroilf on ^o T <il«|ilimll«!i 
&t ii1# 19T<>» 7B), "^ iMi tlmv ishmm t^i*t t ^ aflyle« tern '^.wtmtly 
tmperttii^d. '?'lie aorios l iwlt ooi'lA, tl»i?«fo3?«, %© o«.tot?lato« 
eceo3?a'tely tjy the r«« of a f*-parQrn©tejf Hlta forrwla. We fiuam 
Rdoptea the lonlfsatlon t>o*®«*^ «^ ''- 4t) %g«»4'n' ^9/fe "^ ^ *^* 
(1^5700 jt 700) »*^ OS? (164,11 ± 0,(n) eV, •^talla ©f t^e 
aalottlffiti^a mm ffivtm in ^aMe TI, 
t.S6 
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B@si^ati«si S(«9'^ ) 
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urn CTWH apKotgw oy woLTBwgrow. WB I * 
(Oxtuma eonfiicovatioii 4T>') 
fhft tonth 8p«ot«i» of ttdiybAtmtiBt Ho X« i s iiooXootiNniio 
with As 1* Ehewlodpe of As X-liko spoolva is UnitsA to only 
a f^ w BiQiitmiw of tho iooolootvosie soquoiioo so fex>« 
fbe HEh- (1952) Aat« 4o«lt with tbo first tmr spootra of 
tbo As Z««9qu«no«« Sineo thsn^ «ato-iosis«d lovols of As X 
haw hssn mpprtmA hy Bhstis ot id, (1971) snfi Rao (f95fi» 61) 
has iMprwrsa upon ths kaewlsdgo of Br IH. j^^ aa oor lahoratoiT't 
Ohaifhtai (1971) rsportod a ftragnsntaxy analysis of ifb IX, 
ZshiA Aii »ads an vnsuoosssftil attsnpt of studying T 711 (1974) 
and !lahiiMillsh aniOyssd T 711, %T Till and Bh 1% (1977)» How 
ifo art rspovting 4p^s, 6s, 7s and 4'p*4d, 5d, 6d analysss of 
ttoly1>doiiini in this ss^tionos* 
1, Rahlflttllah, K,, Ohaghtai* ff*3«K« and Khateon, 53«, 
^hysisa Soriptat 14. 221 (1976) 
2« Hshlnnllili* K«, Ohaghtaif K*S.z, slid Ihatooiif S«y 
Pliysioa 3sripta» 18, 96 (1978), 
47 
4.S 9*«iotm«« of ^o % 
f 1» (fsmn& QanfiiPtmtiini is aonstittstffd tjty thTd* •ftaivaltnt 
p •l«otyon8 eontAininn tiMi iml l known tliroo toxitw isnA five towlSp 
tmil t en t!«> oou© stsnotttse ^ ^ ^ « , ^^, ^^ aapltlf^ p oct of 4f « 
4 5 • •'^  
nimll^je to tlio oa«o of ©^ I^t tlM Intorma oaRjltatioB oouflijiisfaf 
tioB 4B4P l8 tha lowoiit oxoitad oos!figti»itio& of ^o ^ also* 
Ftxt O(f«)e0 49 '4p 4« folto'.joa Tsgr 4« 4p 5«« '?!^ae oonfJiwiwitloBa 
88 vol l 00 tJ» Mf;!i«» oimitea 4«» 5A ana *?St *?8 • to . J^ ei'w sriao to 
a l^ i f i esnt trs^isitioes to t!io fpoana lotrols. ^hoao e2«iltoa 
oonfi^ pumtiOBo hitfo tlso sawi ovon 'payity iprta» therofoxw* tteoli* 
lOTOlo wltli tlio aiwMi «Mr«Itio wise wp toi»t^j? not only within a 
oonfiguxwllmi 1«}t iHlae in tiatwoas tha oonfigaraEtioaa* 
4p ia aitnataa Quita high* but tha 4a4p «>4p tranaitiona 
9 % A 
ovapla^ p %ym 4a 4p'^4a4p anaa, ^Maa traaielti«ia t l a at wava 
laitftha liiifiar than iia Imm maaani^ a ('X > 490 f)» ^ eoalt^  nat 
abaarva tlian isi tKia wailr tha>afex*a* fi>«itaitioiio iMtiman thaaa 
thsaa avail ana two oaa aanfii^i^tioiia ava jirofamaa by aalaatiao 
mlaa opavatiaf am 1 ana J aidyt •» T» «ta s tmaRtim nm b^ava axa 
no nova atviatly va i i i * 
In aaaa af 4|» na in • 9* €^ 7)« tbaia afo a i i ^ lavala» 
nwsaly, %/ft,5/81.5/fet % / | , 5 / | » ^A.5/fe **^ ^1/» ***^*^ 
givaa 95 4p-4ia tvaoiaitiana, A ^^nA ( i i « 4 f 9 » ^ ) oanfigavaiiaii 
48 
glToa rise to 2B exoited lovelOf i»e»» (%*) ( <^p 5/9 *f/2 9/Si* 
%/&,3/5^' ^ "^^ <^7/&,9/l»' %/5,7/&* ^/?.5/?» ^1/S,3/&» 
^^ 1/S^ '^ ^^ ^^ 3/& 5/^ ^* ^* 4|H«a t3K^sitioi» ( » » 4 » 5 # 6 ) 
are tjemlttea T>y J-HMlootion snXe, T«ter 1B tlilo eha|»ter, 
t^ oyentaroe ('p)t ( "^5 «»a ( 0 ) are ^enotet tiy ap "b e£Rf' 0 
ffespe et 1 vely, 
''e ove the first to snaljrse transitiims to the ,«TO»^ a 
2 2 le-wls firtjw 48 4p 58, 6© aufl 7© ©»eltefl ooBfi^3?stie«s» Alt 
the foor indeponaent iwounfi lutesvals as well as t!wi eirrht BO 
lovelo are feand oat in t!)e three eaaesf the t^^isitiomi ohaer^d 
are IS trem 50« 20 from fa m^ 20 fvaa 78, 
5?be 4T5-4d, 5d, f^  teyels axe also aralrsed for the first 
ti?!!e, 57 4d, 7^ 5d tfid ?J» M transitione ore identified that 
determine 19 4d, 1? 5d ejid 11 fid levels* 
All the traBeitioas are asseehled in ApipeBdlx tf and the 
energy levels in faible t i l . 
4.4 f^ rmfl imtrrili 4B^ 
The 4p levels are i>lotted i s fii?. 4.41 # shoiriniE the siiioeth 
•ariatiSB with Z a^ sd the eemieetiefR with the first three mm^mwm 
of the seqiumee* 
As in the ease of other flpKNind intervals desorihed in this 
thesis, we hanre suhtraoted the eentre of i m v i ^ 0 of ths 
2 -
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49 
eontiguvetion fvom inAlTlAuftl l«7el« to show iifm v9tCi ttmniia 
of iudivianal lowlst paFtionlrarljr t!^ f?wmB*«-i«o«t lov»l» Thl» 
x^i^sonttttioa also sesdovs tho fiiovt ploasasntl^ ssmnotriQal. 
4.5 4W4, ^ raRBl^ lfliP iPfl M^ 4^  ^mln 
9 
fh9 ^ Ae. Iev»l0 that f^o found are TJ^ '-ottoa In '^Ir, 4.51 • 
lie notieo th« followinii fnttwatlnp f««tw3?a« tMwaaiataty. 
Tha c ^'r\ intortral a«oroaso8 TO«wlarly as i«i Iwra feao^vai?^ f*o« 
!!o ^ tmtil i t tjooones no f^^ tlro In T ITII, This nay l>o &X9 to 
intoTimctlon with 5a ^ (fi^« 4.61) wMeh la fown5 to Iso intrai^ tefl 
a l l aloni^  tlio eecrttonco t» ^mM sim3?eao!t0a h ^^ i^ «o wao^  'fe^ at 
It lappoors to foasa a oloao doatJlot with it» Voth a T» ©nd a 3^  
2 aa?e fomad invortea anfl aittistoA feolon* a "^t ^he levole 
All tt»e lovala aa?© a«8i|^at«« In aoooiNI»no« with Cfoimn'a 
oaloolatiena, fiiiailar to tho oaso of th« n^ T-8a(panoe» moat 
of tha levala in ttia nfjiper uart of tha M eimfifpsfation l ia 
holow thair pradietad po8itiona» fioaaihl^ r dtpa to tha infltxanoa 
of 4ip 5a lavala* It appaam intaraatinn, tha»afaipa« to v^ 
oaloalata tha lavala and tiimaitiona aftav mixinur tha thipaa 
4 2 2 
oonfigavadiona 484^ » 4p 4A mA 4p 58 teeathav. 
4*^ 4irflfl TlWiiilllilw Hl4 tJW.li ^^ jifTiiiJl; 
2 fha isoalaotiwsio oampaFiaon of 4p 58 larals ia f^lrmn in 
Fig. 4«61 a whoaa amoothnaas appeal* to oofifim tha «nal:f8i8 of 
YVI! 
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p . - 4 .51 The 4s'4p'4J levels in the As Mike spectra Y Vll-Mo X. Cis the 
"^  e.g. of the 4s'4p' levels. Cowan's calculated level positions for Mo X are 
indicated, including unobserved levels with J < 7/2. 
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9 
4D 58 tnaisitiofts* Tlw irayltttion vith % of tfi« vla^i'W Itrwl 2 positions i s in aeesrd with thsovstioaS. <s3ei>sotatJlon« Ths 5s D 
levslo of Br III opway eonsiflsfably awoTsassftf and nP- *j 
4 
slipihtly raisaa. "PMa «ay ba ana to tha inflnanoa of tha *s4p 
levels that lira axuaetaa to OIPOSS down in this yof^ lon. 
m ha txransitioTis 4i5 ^^^5>g-# 5s T^^ and "^ ^^  eoinoiaa 
wit!\ 'ilftwr oraa!P8 o*f 8t«ini? *'© lltiaa at 5t»B4^ sr»a 4'^ .*^4tt 
aua emiia not "ba obsaxnTadt tharaf03?a> 
It has baan tJosslMs to a^n^-l tha analysis of "'o *' to 
ti^ansitions fyc© tha (is, 7e m6. 5(1$ a^ lovols to the f^ i^ ocna 
oonfigui?atioTi, Sn fig, 4.71 no ^abarg seyies are piottaa in 
cmantwH dafeet 8 ai^ainst the 5?©attood toyra valua n ^^ « The texw 
vatties ooKia be oaDtalnaa fmra tha eowpesponain^ limits« haeeftisa 
the ?wouM intas^rala of ^o "tl are 1?no*m "^ref?* tmr w»i*r aase!rihadl 
in tha noxt ohi|itav* All tha ^abavfir aaxlas are not fauna 
atraight baoansa lavala of fm ana 5a eonfi^ipationa nix tofwthar 
ana 80 ae thoaa of tha 7B ana <^ a, 7t shooia idaa ba nataa that 
wa hare piottaa on a TSfy sanaiti-va aeala* 
^ have uaaa thaaa alffht l^ aban:? ^vies to ealeulata eazdae 
l l s i t of ^ Xy aa aasi»>ibaa in tha pi*aTiooB ohaptav* Wa hare 
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Bsei^ation 
Aa^ 4.t)^ na 
(^) \ ^ 
<^ > S/S 
^ ^ > % / & 
<^ >^ S/g 
(5^ ) S ^ 
(^ ) S^ 
('p) ^1),^ 
<'^'S/9 
<^B) % ^ 
('^ ) S /s 
(^ D) \fi 
(^ ») S ^ 
(^D) % ^ 
<'"> S/a 
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*"'tiatla, '%% sra «To!ie«, t^.%. Bull , km^ ^hjm^ *5|>o.,t6, 3m 
(1971). 
Ohae^tal, "•^•f'r*, ^ , fv^. 9oe. / ^ . , 6 1 , 1?»ri4 (1971) 
"ooTOy n,*^., • A W l o ' > 0 r r y Tuv8ls«, *'at, ^ i ? . *'t«n^. (""•'?•), 
Ci«. ,467» Vol.11 (inSf?) 
nahSimillsh FhaSt '•^-•''\ *vb«8lg, All^n,rh ''ttsllf! Tfrjivaraity. 
Allrorh (in77) 
r.ao. T . 3 . , I M . cT. :^!i?.'s.,50, 371 (195r,) 
nao, ? .B . , Ina, 3^ "^h3m.;35, 5^6 (1961) 
?.a!?ia All , ^K '\ ^Hosie, Allf^ reffh ^elim Un twwi ty , Mlf'arli 
(1974) 
54 
^b£9 cpeetrcT! i s isoeleetiwnlo vlth nwitrnt ^e % i^oh 
eoRtaina, w^ e?». uneroltoi"', two «i!uival«Trt p ©leotsronf! %fith a 
of t ^ slnr l^o 4i5J^  tyt)©, "P^ is tho spootswfi 6b9«3*veA iuvolvea 
f> 2~©l©otron sjatert «RI! IS oonaiftarai^ X^y aii^ltji* tti«r "^^e TT or 
'!» ffco ©xoitatloH of Imrnr 4» ©lootrons •pi'oviaos a 4-©lootron 
otijaotQs©, htmmimT» 
file f^ wautia ooRfi|5ttTti'liofif 4« 4p of ton tifsws iorlaod 
FJolyt'^ o^wBs eoi!8i0t8 of ^^j 1 2 * ^ *"* o '•®'''®^ « *" o*^«r 
of inoxoaoing mmrf^^ *?!)• oxoltoa oonfignifations with vhioh 
WO avo oonoowioa hare as* 48 4t)4<! with Ita six taiwa asift twalva 
x^x.. ».t,. %.,.,. % .^,. \ . ,^. S . S . S, 
4a 4i>5« with ita four lavala %^ ^ ^ , 'f^  a»« tha iatomally 
exoltai 4a4p with alx tama and tan lavalat Sg, 's^^ ''^ i j? »^ 
2* a 1 2 •*** 1* ^•••^•«**«n **»!« pawJlto 34 4^-43, 14 
4p-5« 0^ 99 4a*4|) tvanaitlona* 
*Baaad an vafasaaooat 
1, Hahlaallaht '^•j ^a«htai> ^•*^,2, mnH Fhatoon, 5$,, Phyaloa 
So]fi]yta, 14, J>21 (197«) 
2« llahlfflttllalit ^v* (Sha^Ktai, ^.l)*^* ond Khatoaiif «^» l^ hgraioa 
Savli»ta, 18, m (1<578) 
55 
J.nmsln&m of tl» 0« T-iiico mjetftya Is llciltoa to oisly 
th« first four jmm\i9ro of tho isoelsetymsie sagtieno©* '^oaut 
for Fr III, tho old flata on t! l^o neononno as jwportofl la •^'^ •'^ , 
(1952) ^ave 130011 revlaofl aaia oactoTidea ths?oa^ a nw!t>ei» of parjora* 
Os f^  I nitie Trapora have "booB irotjliaf^ oft by «i^ te9W, '^ aSasue?? atsd 
t^0ia• colloap'oa* '^ hoy ai?e plim« in t^o nsfewwioos for tho 
yoOTS 1«^ 54 to 1164» 
50 II is rovisod ^y ^i ot at, (IH't), Pr 'T Irf «ToaM et ?»*»• 
(1970) asa tjy !^ aM3-a,if». et a"** (1970, 71). '.'o time analysed 
4t>-4d ama 4I>-5Q transitions of ^ "^I -— n© ^I for tt^ e first 
tirsiO, 
'^ a hwm idontlfiaa 31 litias a© T^>»4d «ma 1? linao as 
4t>-58 trfxnaltioiui of ^o ifl. All t ^ ^ivo lorala of t^o prmmd 
9 
oonflffwration T> anfl tha fa»?r lovala of 4t>*'a ara aatahliBh«a» 
aa wall aa th9 aleron 4p4d lavala that eomtoina wltb T> ^ , -T. 
baln#^  tha «nly axaoptiort. *?ith th§ idantifloatlon of BiT linm 
9 2 9 •» 
a0 48 -^p -4a4p^ traxialtlona, two 4«4n lavala oowld alao ba 
aatar^lnad. Cowan* a 1<567 oaloiilationa on 4"^ 8^ ^ranaltlona of 
thaaa spaetra and Ma 1976 oaloulatlona on 4i>—(4d * 49) pre-
dlotad than with an aoanraoy of a few anpratrona, and hava bean 
of wpaat halt) In thin woielr. 
56 
7h« grwma Xrwls as* iaoelectrcmleally plotttft Iti ??lr» 5,41 
oil a aanaitlva seat* to prorlde mno&th frrsm*^m^ f? Is seM«ieti»^ 
fTcr. iBftlvidual lairel Taltiaa, so tliat tfiaisp faotnal tiyanda eiaa 
t}e eloavly manif eetadt as eseplalt^A in ohaptar IT, We hava tiil^ an 
0 to be o,^. (^^ ^2 t^) to avoid wm tmoertainty that wl^lit 
affeot the valucta of 'p^ and n .^ 
5.5 4P4^ ^^ tt^ Xfl 
@he isoalootiKSiio eonpaviaosi of tbe €bmw9& #p4i enA 
484p levela ie givan in Fi;;, 5*51» in Whiet^  0 is the aanw aa 
defined a)bove« fbe 4p4d leveta axo aitctated in the o]*dei* expeoted 
by the (pnexwl theexy of a two eleotvon apeotvosi (Kdlen» 19f^4) 
exeept for the ananaleiia plaoing of the ^u^ and n^^ leirela with 
veepeet te the ether levela of the reeipeetive texma* ^^ ia 
probably tepreaeed wider the inflQenee of ^ F,» ^^ ean be puahed 
up only by T*^ of 4a4p' oenfiguration, ea these ia no other le»el 
with J M 0 in thia region to influenoe itf the latter haa not 
ao far been detemiBod* 
The poeition of the 404?*^ 'B^ lerel deaervea 8oa» attentioRf 
it indieatea a large aplitting of the pavent 4p ^%/st ^^^"'^ ^  
agveenent %fith ebaerratien in apalogoao eaaea of n « 2 bud 9* 
0*1 Asn S«ni BrtV KrV ibVI Sr¥« VVm ZrIX NbX MoXI 
' I I I ' I' I ' t ' ' '"t '' 1 > I r" 
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42 
Fi^. 5-6i Tfne 4«'4p4</ and 4f4/»» kvdt in the Ce Hike spectra of Y, Zr. Nb 
and Mo. C it the eg. of 4»»4p* (V, V, '/),). Calculated level positions 
for Mo XI are indicated. 
57 
oub9b«ll0 belong to t%« nttm total etotaitUBi nonbo]* n, ^^(nl^» 
ttlg> psopisBOtoy i s laiM?»# jfosnltlnisr If? Mff© atjlittiai? of tbo 
pajpont toiw» 
In oaeo of m.T srwetynt nonimn ^'pm ofitORtattrt 4ft ^ »i* ^^ 
lovfilt M '^htjr ffi?r8« toja^ etftoy (about 5<^ ? «?!5 4r|) . t'lto aosiima-
t5ot5a idL-TOi in euF tablos follow tbo oowrontional or^er^ altboR^ 
oalottlatloi^a f^vo a blfl*»0v powontiw?© of wiirlni?' to V^n ot*»er t<5iral« 
« "5 1 3 
The 494?) P^  and -^ ^^  lairols a'no also oalanlnto<! to ^« ltl#ilT 
nixsa (abcmt 57^ ana 37/? In tba aaeritefl QT&%T), 
The l^ own 4T)5S lon^ls o^ tho aomenoo are nlotto*^ in 
i^??« 5«fi1. It i s olaarly inflieatofl that thtra i s no ainirlat 
ai^ d trinlat atroet«i« in tbis eonflgnjeation tvfm tb© bairinniTii? 
of Vm aeenienoo and that j^-oouplinp bolrta in a eleaa^-eut 
liannar. 
Oti Asll S«III BrlV KrV RbVI SrVll Wil l ZrIX NbX MoXI 
"I ' " I " 
-«<-- — . 
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PiG.S.61. iSOELECTRONiC RELATIONS FOR 4r>S$. E'lS THE ENEROY 
o r ( 5 / a . l / l ) 2 LEVEL. 
fable Vr. Ob—giraa leimla of Fo XI (ca"^) 
58 
^OBJLgna l^oR 1?(«m ) 
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61 
^a I-l<1c« sptotim contain only am eleotsfon in t^ TalOBoe 
gii!)s!»ll 4^, It i«t t!sor«fos?Oi a ons-eleotron i^ rat«« ultlol* oisft 
tm t3?o«t©<! em l^di?ojg«t-li^ wtth tfNi ftixt^i? afhnmt»m tliiKt tHo 
lajottna-eonfipunition in »f>lltt«A Into tiw l«v<al8 "^^ i^  «i^» 1^ 
ojpaer to atttdy «t!oh a »lsTp1« upoetwiw, applioatlon of f^o 
Oitabtiotiea oiiootxfoseopio teotmioti8« of ^lt.g awa T?y<"n5«iw? onalyaoa 
oay t*0 SOS© eflteotivo t^ asi elatsorato nmrti?©e-tyi?e ealool^tlons, 
%fi tbis go^aiioOf ifflox^ BiiCi oaGoitatfono pleiy &ei if^oftant 
ana intasasting rota. 4» 4P»484T> ana 4a4|>^ *»4p id-va vasy 
atx^ Dir ti?«naitlo»a, aom of wHioli ao not fall in the mmfm of 
oar pxaaant atnay* 
Bafava aar «^ailr, Oa X»iika apaotva iiaxa knowB in th» 
litavatoia far tlio firat s ^ fiomlbara of tfia aeotianao anly# 
9ht aia data rtfiarlaa i s A?arj.Tol.TI ( i^?) hmm Isaan 
rariooa in %h§ fallawiBg inatanaaat Oa X by 6an<m «t al« (1^2) 
ana JaNwaaon (1<X7)| ^ XI %y ^laanor at al« iim^) anft 
XtittftoiaB at al» (19«6)| 8a X? *y ^mtm ot al. Cl«r79)t Br T l»y 
laaiiinda at al* (19T1)i ^w**** •* •i* (1W) liafa lapartaa 
—an^na liaaa af iv TZ« 
6^ 
A9 sttttod Imfowp thi$m spftetra Ofi» ^ aividvA into two 
2 2_ 2 P 
rjyounfl texw 4« 4p *^  tmti tho eicolt©ft 4« »1 I» wltli T»3P0|»er 
oonfi^^iratlonfi 4«4T) ana 4p with t!» ftilXmrlw stmettire* 
^^ ' %y^» ^/^,5/&» "^t/fet^y^* 
It i s £«ttjj«stlng to not© tb» lerm spllttip^ of t!Mi 
parent 4p ^^^ i»to t!» wlfl©?-y j}«inat*atef! i' ana *" terr»s, <!ii« 
to tt«o IsTf^ o valtio of tf5© ©xohaaf^ o iistoprrftt (?iC49f 4T»). 
'Heoaiiao th*j T/UBOIUHIO aoos not liolft t^#oroa»ly for t**e 
2 
boairy eitt^s and ione involvod, wo ostfMiot tUt th% <is4p loirols 
to tjo ooimootoft 3p©«iatliwity witli tito ^wsona lovote, InotwAing 
^•' yiwinnnlflftTi 
fht lOMiniA intoxTol liao t)»on o«t«lili«1i«fi ootiofaotoFily 
with tho botp of 4iM4 tsonoitieno in tlw foer oDoetra wo 
otndiody M ovidonood 'by %hm vogolay plot of tho " 4^^  and ~^  4i 
on tho oonoltiiro soolo of ?iff, tf»9f • tho fltiofltiotion of tho 
5^4^  Toiooo ia tho hogimiiHI of tho oovloo io ohoraotoriotio 
2 2 2 
of portni^stloiio* poooihly hotwoon 44 !> oaA 4«4n t) tozmo. 
It io holiovoA th«t tho four 4p l^w4o4|>^ H tmnoitiono h«v« 
m . e . 3 l Up and n d PARAMETERS OBU»CO FROM THE EXFGRiMEMIAL DATA ARE 
PLOTTED ISOELECTRONiCALLY. T4d 6 PUOTTEO TEN TIMES ENUROEO IN COMf^ 
RISON WITH T i p , WHOSE SCALE iS MOtCATEO 
63 
alM b««8 oomtstlf identified T X3Ulle XXX (fig, €»3S)t Aa 
9 9 
rtg«7d« the 484p ^^>g X«v»l» w» o^MvraA what don IHI tpcnsi* 
tions to botli th© gxtianA Itvels^ in Zv X tna Ho tXIt in Wb TI, 
only w » tiranaitioB attritmtfliblo to 4p n>^y^«»484p S^y^ emlA 
be spotted oat Q« the other one is out of oar eacperiiiientfil 
rm^^ fhe S^ >g level us retjosted in Br V aost "be wron^, as 
there is no level in the region to poeh it up, 
9ren8iti(xei8 to the ^^ iroond levels from the remaining levels 
of 484p eonfigttrations, nawelyt B^y^ ^ ^ and ^ ^ M 5>& 5/fe 
lie at nmm lengths Ioniser than 430 t§ upto which we have wade 
line liats for the present worfe. In order to determine these 
levels y tl»irefere» we have atte!npted an alternative that suo-
oeeded to a limited extent in ease of Zv % and Ho XXI t the 
analysis of 4s4p •4p transitions has been atteiiipted, that 
appears to provide aoeeptable veixies for the three %> levels in 
these tifo speetra* 
fhe result of our analyses* as it stands now* is shown in 
fig, «,3S. '?he trensitions 4p«4d, 4p-4s4p^ «id 4s4p^-4p* are 
•aiiced in fig, 6.5?» those already observed in H© XII with solid 
lines «M1 the expeoted ones by dotted lines, 
fhe eibserved trensitions are eoUeeted in Appendix IT 
(Me XIX) Mid iivpeBdiees i* H * m <7 ix, Zr X and in> XX 
reepeetively)* whereas the energy levels derived tvm these 
transitions are given in table 7, 
Otil SalV Kr VI Sr VIII 2rX 
T -T r 
Rb VII 
MO XII 
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FIG. 6-32 iSOELECTRONlC PLOT OF 4s24d and 4s4p2 LEVELS IN Oa l-LIKE 
SPECTRA. r .NET CHARGE OF THE CORE AND E«ENERGY VALUE 
OF A LEVEL. 
4»^4p 
FK3.643 THE OBSERVED AND EXPECTED" {dotted) TRANSITIONS IN Mo XI I 
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7o oonoltid* this tlMi0i«» t oam offtv tt)« fotlmrirm f&irifim^ 
remains I* 
Speatpa of !^ o IS, ?I, Kl, S n feasra l»«a f«niilys«fl wltli t?Mi 
other l»o«l0Otro!ilo spftotsfat ««attlting to iaeiitlfieatifm of 45? 
new trsssltlGSifl in ttweo fmir aol^denna aimetxm* 'fith thoir 
help, tm coaia adtepilRO 197 «n«!?py levoln attoniiethey fo? t ^ 
fii?iit tSiaa. 
Woife cm "^o ^11 ia »iipi^ lcwi«iit®^ fey ar^ pHysta of t!t« 
n©if:hbooj?lB|? i9O9l0etsoaio ?3«a1>©wi f K, Kr >: ani ^ I^» 
Wortr im ^t> IX i s fairly ouisiilata in tJm »p&etv$il iWjBfioi* 
(«0 to 4*501)1 that on *»o X ippreaolMia i t In oof^lotion, eCLthcm^i 
tranaitiona f!roB 7a laia ^ aay BMA lliifthai* eanfixfsatioiii* '''Ira 
two apaotva iirroXva thxaa %4b«ie nan^ bami of tlia B'^mA A-«apiaa. 
Walk an ^9 XI OOVOM tha 4p» 4<l tfift 5s oortfigarationa only* 
\m% i t ia AaanaA to tm higHly aatiafaetexy, 
Stndy af tba 6a I-Iilca sfiaatya (T IT -Ho iriT> baa only 
9 9 
baan inltiataAi tha tvtfiaitioiia 4f>-»4A» 4a4|> I' si^ }m aomsiftovaA 
to ha Mliahly iAantifiaa anA thaa tha nrawifl Intasnil 4|> 1^^  meA 
tha laTSla 44 B, 4«4p F^ ooalfl ha aansotly aatahliahaA. 
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3* mmn ftf f^ffirtf* 
Xt l i tgtnrim9 trim th» figav«s ineltiaoa in th« tesct that 
th« groimA iiit«x>nila as* now fully known in e l l the isooleotronio 
aMimTwM tipto mol^^mom 1» Sa XHie^«no« onlyi 4«4p ^ »<P levola 
are tbo only other <ma8 to be ftilly Icnoim in the semtenee exeept 
for the firet two iMisbere* 
%en in thie eeopienee 58 levels have to 1>e AetentineA for 
the elenente ^ unA Hr, whereaa 4A levels have to he entirely 
reriseA for ty lit tm& AetenaineA for Hb 1^ « 
As regarAs the seqinenoes isoeleotronio with M If ^e X anA 
Oa X» woz9c reporteA fron mr v^ottp i s the only infomtation 
arailable on srteetra heyonA the eleiasnt l*r» ^7ith the heln of 
oar %n>zlc« the Aata oan he filleA ttp in this gap hy the oxperiaei^ 
taliste in t!» fielA* 
(ijprawDXO^ 
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AippmnMx tm 01«i«lfl«a tirmm of T P^ 






















4«^4T> ^^^^ • 4s^4a ^'T^^ 
4.% \ ^ • 4»^4a \ ^ 
^% %/s - ^^^ %/& 
4»^ 45P %^ - 4«4|>^  \ ^ 
4»^4p % ^ • 4114/ \ ^ 
4 9 % % ^ . 4«4p^ % ^ 
*«^^ %/& - ••^l'^ %/& 
69 


































































% / 6 -
^ 3 / & -
% / 2 -
S/fe-
S/fe-
% / & • 
%/? -
S/&-
^ 3 / 3 -
% A -
S/fe-
% / & • 
S A * 
S/fe-
S/8^ 
^ 3 / 2 -
2 2 48 4fi ^3/^ 
^^ %n 
48^4« % ^ 
4p' \ ^ 
4p' % ^ 
^''^ % / & 
^^^ S/& 
4^5 % ^ 
4p' S / S 
484p P , ^ 
4p 1)^ 5^ 
4«4p* % / 2 
4«4|i« S / 2 
4|i' %f^ 
^ ^ % / 2 














4a4/ % ^ • 
^••P^ %/& -
4*^# '^3/& ** 
4ii4p^ ^^1/5 -
• p ' ^ , / 5 , 
•j-' S /« 
4»«?i* ' s , ^ 
*P' %/ft 
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A|ifj)«iiftix 1I1« ClwNiiflsa llrmm of ^ tt 

























4» 4p J^ i ig •* 
* » ^ ^ ^3/fe • 
4« 4p 3/p *• 
? 2 4B'4p "^^p -
4» 4f> P^yij -
4«^4p ^^^y^ -
2 2 
4« 4|> Pjyg -
48 4f» * ^ 5 ^ -
4a 4d ^5/^ 
4«^4a ^ 1 ^ ^ 
4«^4a % ^ 
4«i4t,^  % / g 
484^^ % / & 
494v^ ^f?^^ 
484p • 5^/^ > 
4B4P^ ^^1/fe 
'^O fC 
Appendix £7. Cfl«80ifi«A linss of ^ola^mmn 













































































4p 5 4f, 3/S *• 4|>' 2 
.5 2 4P^  ^%/fe - 4p* 
4p' ^ 








4« 4 p 
^P" " * t ) , ^ ^ 415' 5/fe 
.3 2 4 r '^Q, *, • 4p' 3/& 
3 2 4p^ %/fe *• 4p 
.3 2 4p 5^y(jg - 4j» 
4|» 3 2^ 
.3 2 
3A -• 4p 
^ "^ /fe • •^ 




^ ) 7 « 




T ' )79 
'! ')7» 
's)pa 
^ ) 7 » 






^ / ^ 







^ / 8 
4|> 
^5/2 




































































































#' S/fe • 
^P' ^5 /& -
# ' %/fe -
4p 3>3yg -
* P ' ^^5/^ • 
• P ' \ / 2 -
4l* •^5/^ * 
4|» 1^5^ -
4p T- ,^ -
4p ' ^ , / g -
4t.5 ^3/fe -
9 2 
• ' ' '1/6 -
4p ' % ^ -
*» ^ 5 A " 
«"' S/» -
* p ' *P,ys -
*»' S/8 -
«P ^5/8 -
•" ' \/t -
4p ' ' ( 
























:^ i^ )6a % / 2 
:^ i^ )6« % ^ 
''^^'^" % / 2 
[S)6d % ^ 
'S)^A \ ^ 
[h)m \ ^ 
[^)6a % ^ 
( \ ) 6 a ®p^^ 
C^)7« \ ^ 
C i^l564 ^ 8 , ^ 
(^ ?5)6« % ^ 
t%)6ft \ f ^ 
C^S)6d ^t>5^ 
(^)7« %y^ 
C^)6a % ^ 
(^S)6d 1^>5y*j 









93.763 2 1066519 3 
94.000 6l> 1063759 4 





























96.295 0 1098476 1 
96.458 1 1036721 2 
n 4p* 'y^ - 4p' (^)7» % 
4p* \ - 4l>' ('^)7« \ 
4p* \ - 4|»' (^>7» V , 
4p^ \ - 4i>' (^^)7« % 
4p* % - 4p' (^ 1»)7« \ 
4p* ^1^ « 4ij5 (^T)7« ^ 2 
4p* \ • 4p^ (®D)70 \ 
4p' *T^yg • 4 / (^56« ^P y^^  
4p^ 5p^ * 4p' (^)6a ^?| 
4p* t^s^  • 4p' (^y)7« 'P^ 
4i»^ h^ - 4p' (^)6a 1^*1 
4p* 'P, • 4p' (^B)7» \ 
4p* '!»2 • 4p' (*15)6« 'p^ 
4p* 'P^ - 4p' <*1>)7» % 














9(.54« 2 1055776 5 
96,660 4 1054554 1 
96.B65 1 1052566 1 
96.964 0 1051311 1 
97.206 1 1028743 2 
97.416 1 1026525 2 
97,494 1 1CS5704 2 
97.635 1 ice4223 2 
97.710 4 1025457 2 
97.885 4 1021607 5 
[98.077] lb 1019607 1 
[98.087] i 1019505 2 
[98.097] in 1019599 1 
98.217 0 1018154 1 
98.545 1 1016829 2 
98.460 4 1019641 5 
98.561 5 1014600 4 
98.790 2 1011698 5 
3X 4p* % - 4i>' (^ )6A \ 
TIC 4p* \ - 4p' (^ »)78 \ 
IX 49* 'Pg - %>' (%)U ^^3 
S:^  4t»* % - 4 p ' ( ^ ) 7 « ' S | 
1? 4t»* \ • 4?' (^ B)7i \ 
n 4p* 8^t<, - 4!»' (^ ?>)7« V , 
K 4i>* \ - 4t>^  <%)7s \ 
t^ 4P* ^^ '2 - *P' <^ ^^ ®^  % 
2v 4p* \ - 4 t ' (^ ?))6fi %^ 
IT 4p* ^1^ - 4p' ihm \ 
U 4P* 1^3^  • 4|»' i^T))7» \ 
IT. 4p* ^ < - 4 p ' (^B)6A ^'^ 
DC 4|i* \ - 4p' (^ 13)7» \ 
SK 4p* % • *^' ^^^** \ 
isr 4p* \ - 4p' (^i')6« ^n^ 
13C 4|i* \ - 4p' (^ )6« 'u^  
^ 4p* ' F J - 4l i ' (^ts)6« %, 























































































4p' ^F^yj, • 4l»* (^8)6. % , ^ 
4p^ %>, * 4 f ' (^)78 \ 
4|i* \ - 4p' (S)6« \ 
«. s - -' <-.- \ 
4p* \ ^ 4p' (^ T)fia % 
4p* % • 4|»^  (^)6a % 
4p' S/S - #^ ^^ >^<^a S /2 
^ ' %/St * •^^ '^^ ^ *^ % / 2 
^ * ^I^ . 4p5 (27))6a % 
4p^ \ • 4p' (^)6« 1^1^  
4p^ % - 4p' (^?)66 V , 
4 f ' % ; f e - . 4 p ^ ( ^ 3 ) 6 . % ^ 
Hr 4|,* ^8^ - 4|i^ (^)6« V^ 
U 4|?* % - 4 f ' (^D)6d ' f j 
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101.069 
i m . i f i 4 
1C1.675 








































































4|»* \ • 
4i» 
*«4 1-^ _ 4n g •» 
<"* S -
AT,* \ -
J 3 2^ 
4?> ^ 5 ^ 
4t> *%/|i 
4i> '^3^ 
4T>^  \ -
4t»^ % * 
4 3,, ^ 
4p' (^ )6« % 
- 4p^ (^)68 % ^ 
4ii' (^^)6ft ^^5 
4p^ (%)6d ^ ^ 
4?»' (^)6^ ^-1 
4^3 (2„)g^ 5r,^  
4^' (^")6ft % 
• 4 / (^ )6R % ^ 
• 4p^ (^)f.f i % ; ^ 
• 4n® ( ^ ) 6 8 % ^ 
4T)^ (^ ">)6ft \ 
4p^ (^1i)6a \ 
- 4p^ ( ^ ) 6 8 % ^ 
4^' (^ '?^ )6a \ 
- 4p^ (^i^)6« ^n^^ 
- 4i»^ ('^)68 ^P^yj, 
• 4p® ( ^ ) 6 8 % y ^ 
• 4p^ (hyrm ®ip^ y^  
4p 
4p 3^^ 13 
4P ' % ^ 
4p' S;s 
4p^ \ - 4 P ' (^ I>)6fi \ 
•!»' S/fe - 4p^ ('^ )68 % ^ 
ffi^/ AM- SO >, 
'••?;. • T/3 33. u 






































































































4p^ J^^ o - ^ <h')U. ^ ^ 
4p ' % ^ - ^^ ('p)6» % ^ 
4p^ 'SP, - 4p ' (^ T?)68 % 
4B^ '^ O - 4i^ ^ ( ^ )r'« ^ , 
4p^ ^ 3 / § - ^-^ C^^)5a % / j , 
4|)* % - 4p ' (^"')6^ ^^ <, 
4p ' ^ 5 ; j , - 4p ' ('p)5a % ^ 
4p* ^ ^ - 4« ' (S)6ii r^.^  
4p'* ' r^ - ^ (^-^)6e \ 
4t>^ \ - 4Ti' (^^)6e 'n^ 
4t>* S g - 4p ' ( ^ ) 6 s % 
4p ' t^»^ y5» - 4r>^  (^'^)5« % ^ 
4p ' % ^ • 4i»^ (^r.)5a ^t^^^ 
4|»' ^ 5 / 2 - *^^ <^>5«1 % ; ^ 
4p ' '^^^ - i t / (^ ?! )5« ^TJ,^ 
4p ' % ; ^ . 4f»^  <^D)5« % y g 
4p ' %ysj - fp (^^)5a ^ F ^ ^ 
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11t.739 a 8q4<345 3 I'^ 4t^ '^^ - 4p ' <^ )^«5« "^»g 
111,P09 1 B943flJ> t X 4p ' % ^ « 4p^ (^^)5a ^ 3 ^ 
112.003 1 B9aB35 2 -^ 4p '^^3^^ • 4p^ (^ ?5)5« % ^ 
11^.411 1 Bf!95'?3 ^ T' 4p* % - 4p^ (^ T))*?« ^^^ 
118.455 1 f^ <5J»45 2 *^ 4P^ ^t)^y^ « 4p^ (^t))5a ^ f ^ ^ 
112.573 5 888512 3 5' 4|>' ^ 3 ^ ^ • 4v^ C'pBa % ^ 
4p ' % ^ - 4T»^ <^'')5fl ^1^5^^ 
112.646 4 Ra7737 2 '^ 4^ 5^  ^'?3^ - 4p^ ( ^ )5^ % y ^ 
112.916 12b f^ B5614 4 B' 4p* \ - 4p^ <^ :''>)6a ^^^ 
113.523 5 moe79 3 T' 4p* \ - 4t>' &>)GB ' ' . , 
113.571 1 fla0506 3 ^ 4p ' % ^ - 4i? (^^)5a ^^5^^ 
113.610 4 «^0204 2 ^ 4p ' ^ 3 ^ - 4ti^ ( ' P ) 5 « ^ 3 ^ 
113.663 10 mrt^A 4 I?f 4p* \ - 4p ' (^^K^s \ 
113.688 5 87^47 1 T 4p ' %;*5» • 4T»^ (^^)5a ^ T I ^ ^ 
113.848 8 878364 1 T 4p ' \ / ^ • 4p^ ('?*)5a % ^ 
113.938 4 877717 3 Bf 4p* ?^5^  • 4p^ (^P)6a \ 
114.048 0 876870 1 Hr 4p* % - 4p' (^ ^>68 '1)3 
114.812 1 873569 2 IT 4p* % - 4p' (^)6« \ 
114.854 0 870671 1 XK 4 p * ^Bg - 4p5 < ^ T ) ) € B ^,^ 
80 
114.9?>0 4b 870171 5 Tt 4p* ''i^ - 4p' (^ B)i;« \ 
114.935 4I> 070(357 5 rr 4^^ h^ • 4p' (^ 1^ )5« \ 
115.065 5 ft6R95R 2 T 4p' ^^3^ - 4TI^  (''^J^A %y*, 
115.471 0 866018 1 rz 4|»* % - 4i>' i^)5(i ^'^ 
115.ei1 4 ^63476 3 " 4i>^  ^^yj, - Ar? ih)m \ ^ 
1l6.84n 0 RTJOS^O 1 r 4 p ^ ' P | - 4t^' &)r^m ^"-^^ 
117.195 4 B5!K>79 1 " 4r? ^n^^ - 4 / (^)5« ^ V,/j, 
117.370 4 852006 3 ^ 4B^ % ^ - 4t>^  (^~)59 ^^3^ 
117.775 1 849077 2 ?^ 4p^ \ - 4p^ (^'))5a 3^g 
117.814 5b 848796 8 r' 4u* "^^ • 4T>^  (^')5fl ^^ ^ 
ir 4p* \ - 4p' (^n)5fl 5- ^ 
118.279 4 845459 1 15^  4p* \ - 4|»' <^)5a ^Fj 
118,373 4 844787 2 IT 4p* \ - 4u^ (^)5« 'l>, 
118.3i7 2 844616 2 T 4i>' % ^ - 4p^ C^ -^ )*?* ^TT^^ 
118.537 0 043618 1 IT 4p* % • 4p' (^ ^^54 T^'^  
118.859 4 841333 3 X 4t»' \ ^ - 4p* ('p)5a ^^y^ 
118.959 5 840626 1 IT 4|»* \ * •^^ *^''^ 56 \ 
119.087 0 839722 1 Tt 4p* % - 4l>' (^)5« ^^ 
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119.114 1C3te B39532 4 I5C 
119.5€a 1 «36806 1 ^ 
119.<^13 1 85393« 2 "^ 
I^O.Ise 4 B^351 1 ^• 
1?>r.47B 3 B30Ce7 1 T" 
i^o.'^'^n a pj?Q6«^ 3 1 r^ 
i;»0«663 0 ^ 8 7 5 4 1 r 
1P1,C46 4 8 ^ 6 1 ^ 2 r-
i?t.ieo 1 m52m p. T^ 
121.517 1 f^2930 2 7f. 
121.577 ^ 822524 3 I^ 
121,941 6 ?I20069 4 r 
122,004 3 m^im 3 n 
122.897 2 ei3«90 1 'Tt 
122.9H4 1 W13114 2 IT 
123.178 6t» 811833 4 n 
123.483 4 809815 3 IX 
123.545 8 80948t 4 IX 
123.6^0 0 808«€9 1 IT 
123»738 5 808159 5 n 
4T>* ^Q • 4p ' (^n)^fl '^^ 
4u 4 1. ,.3 f*kj-- 4«^ C^)5« ^^ 
Ap* ^ g - 4T5' (^ 'p)5fl ^y 
Ap^ \ ^ - 4p^ (^)5« ^"^^^ 
415^  ^ g ^ 4 T ' C^ T>)5ft ^ ^ 
4P^ % - 4p^ (^ "^ )5a % 
4p* \ ^ • 4p5 (^^)5fl \ 
4v^^^ - 4ti' (^^)5a ^^2 
^-P^ ^^o - 4p' ( '^^ )5a \ 
4B* \ - 4 P ' ('^)5a % 
4p* ^\ - 4p' <^>5a ^^3 
4p* \ - 4p' (^)5« \ 
4P* \ - 4 P ' (^)5a \ 











































































































4ts* \ • 
4|> "Og «• 
4p f5^  *• 





4 p Sg^ •«• 
4?* *^?o -
4T>^  ^ ^ -
4p^ \ ^ 
4p^ ^ 0 -
4|»^ % -
4P* \ • 
4p' < 
4p ' < 
4 p ' ( 
4 p 5 ( 
4p^ < 
4 p ' ( 
4p ' ( 













:^ i5)5« V^ 
S)5^ \ 
:^r)5a ^^ 
[np)5d ^ g 
:^^>5« % 
?^)5« 'Fg 
[^)5« ^ ^ 
:*R)5a ^ ^ 
:^)5a 'r^ 3 
:^ D)5A '^^ 









<iAti / i?) i 
89 o 
t45,009 12 689612 3 XI 4p^ 'p , - 4p5» (l/S.I/Sr)^ 
146.016 22 6R4856 4 rt 4p^ ^% • 4p5» (3/ft,1/&^ 
14r«641 18 6fi19^ 4 ^ I 4p^ 'Pg - 4p5« (1/&,1>^)| 
1^ .6»<355 15 6f*C4«0 6 F l 4p^ ^f^ - 4p5» (3/J>.1/5>)2 
149.740 10 6r»?«^4 5 I 4p' % ^ - 4 ^ 8 \ / 2 
150.2m 12 6657t5 f S 4|>^ % ^ - 4p^58 \ ^ 
150.541 20 664271 8 ^ 4p' ^ 5 ^ - 4p^5« ^^y^ 
151.570 10 659761 3 K 4p^ ^">5^ • 4tsS8 % y ^ 
155.175 16 6571^ $ % 4^'^ ^T^^ - 4p%8 \ ^ 
152.682 16 654956 6 K 4p' % ^ - 4p%8 S>j^ 
152.723 10 654780 1 ^ I 4P^ \ - 4p58 (3/2»1/a)< 
15P.81R 3 654373 2 I 4p^ ^^ "^  - 4p58 (1/»,1/2)| 
15* .^239 e 652575 2 ^ 4p' ^ P , ^ - 4pS8 \ ^ 
155.246 5«1> 644139 5 J^ #p* ^ g • 4p' (^)58 \ 
156.492 14 639010 4 t 4p' \ ^ - 4p^58 % ^ 
157.625 22 634417 4 ^ 4p' \ ^ - 4p^58 ^:^3^ 
157.706 18 6340»5 5 X 4p' ^'^^^ - 4pS8 % ^ 
158.641 3« 630554 1 1 ^ 4p* P^g • 4p' <2p)5» ^^ 
159.052 14 628725 6 X 4p' \ ^ • 4pS» % y g 
159.221 6 628058 2 X 4p' % y § - 4pS8 IP^yij 
84 
tfiO.OBI 14 «24684 3 X 4l>' % ^ • 4|»%« % ^ 
160.188 2 624866 2 XI 4p^ R^© - 4p5B (1/fe,1/ft)| 
160.575 9 623559 7 K 4p* ^ , - 4|>' <^?)5« \ 
160,750 10 622084 5 ^ 4n' % ^ - 4p^58 ^"^^ 
161.442 4 619417 2 ^ 4p ' % ^ - 4p^50 % ^ 
162.703 10 614617 2 K 4»>' \ ^ - 4p^5» % y g 
162.910 7 6l3f»06 5 I?' 4p* \ « 4|>' ( ^ ) 5 8 \ 
163.035 5A 615573 4 V. 4i5^ % - 4p ' <^T))5s ^:^ 
163.576 2 612085 1 ^ 4p^ ^ ^ 5 ^ - 4p%8 % ^ 
165.456 7 611860 5 I3C 4t>^ 1^>2 - 4p ' ( ^ ) 5 8 \ 
165.986 4«b 609808 2 n 4|>* ^ ^ • 4p' (^P)58 ^^ 
164.144 208 609221 7 tK 4p* % - 4p' (^^58 % 
164.555 7« 608459 7 I^ 4p^ ^^g - 4p' <^)58 \ 
164.454 6 608075 2 rr 4p* % - 4|»' ( ^ ) 5 8 \ 
165.108 6 605664 1 ^ 4|>' % ^ • 4|»S8 ^1*^^ 
166.201 128 601681 5 IX 4p* % - 4p' (^B)58 % 
168.144 6 594728 5 I^ 4p* \ • 4p ' (^P)58 ^ ^ 
168.685 6 598828 6 V 4p* 'p^ - 4p' (^^>58 % 
170.674 5«fe 585912 5 tT 4p* ^i> - 4p' (^B)58 'D^ 
































































































4p* % • 4|»' (^^)5» % 
4p* ^ , - 4p' (^ t^ )5» \ 
4i»* T^^  • 4p' (^ '^ )9» ^t^ 
4p^ \ - 4i»^  (^?)5» ^^ ^ 
4 / \ - 4p' C^)5« ^rg 
4p* S g • 4 P ' (^^)5« 'D^ 
4,,* ^1^ • 4p^ (^ T )^5i, ^ 
4p^ \ - # ' C*f1)5« ^^ 
4^* \ * 4p^ (^)5» ^ , 
^^ \ - 4|»4« 1^*1 
4|>* \ • 4p' (^ )4« \ 
4|>* '^^ - 4p' (^^)4« % 
4|»* % - 4^' (*1 )^4« V^^  
4p^ % • ^^ \ 
4i»* ^T:^ - 4i>' (^)4« % 
4p® ^ g - 4t»4a ^f, 

















254 .7a 6 
255.629 12 
2!9.802 12 
441684 1 n 
441C20 8 n 
459684 1 % 
456655 8 X 
415527 5 n 
455448 8 K 
4^694 4 5C 
451924 9 X 
451498 10 K 
K 
451051 10 I^ 
450950 9 TK 
489690 5 t 
487928 XI 
427755 4 ^ 
487489 
426954 7 tK 
425996 5 X 
424596 4 tt 
424085 5 yt 
4p ^ g ^ # 
4T»' %yij - 4 / (%)4« % ^ 
4p* ^ 1 - 4|i' (^^)4« ^ 2^ 
4p* \ - 4IR' (^^04« % 
*^'%/8 - 4p^  ^ '^^ '^^ S/S? 
471* \ • 4p' (^)4a ^ 3^ 
4.^ S ^ • 4.^  (^)4a % ^ 
4T *^ % • 4t)' (®^)4a ^ 3^ 
4P® ^\ - 4t>4a % 
4 / \ - 4l»4« % 
4p* h^ - 4p' ( ^ )4d \ 
4p^ ^ o - 4|>4« \ 
































































































4p* %»2 - 4p' <^)4A ^y, 
4p' % ; § * 4p^ ('?*)4« ^ ^5^^ 
4p^  S / 2 - ^^ ^^ ^^ ^ %/S 
4p* \ • # ^ (h)4d \ 
4p^ ^^2 - 4p4« \ 
4JI* %^ - 43p^  (^)4a \ 
4|>* I^»2 • 4p' (^ T^ )4d B^g 
 4«^4p % y a - 4»^4« % ^ 
4p' ^ 3 / 2 - ^ ^ ^'^^^ %/fe 
4|>* ^ 2 • 4p' (^^)4ft \ 
4p^ \ • 4|>4a \ 
4p^ \ • 4p4« \ 
^ ^ \ • 4p4d % 
4P* ^ ^ - 4p' (^ 1»4A \ 
4t* \ - 4p' (^B)W ^1 
4p' ^5/Sj - 4p^ ('P)4a S j ^ 
88 
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4f * ^^^ - 4p^ (^)4« \ 
4p^  \ - 4p4d \ 
4p^ \ ^ - 4p^  (^ )^4a % ^ 
4p* '^ ^^  - 4!i' (^ )^4a % 
4p' S/a - #^ <^ Ha %^ 
4p^  %>, * 4p4a \ 
Ip*^':^ - 4u' (^)4a % 
4p' %M • 4p^  (^ i5)4d %ig 
4 / S . 4p4a % 
4p^ \ - 4p' (® )^4a \ 
4iP* ^% - 4p' <^)4« \ 
•^' ^5/2 - *^^ ^ ^^^ %/St 
4 / \ • 4p4d \ 
4p* \ * 4p' i^)U 'B^ 
4p' S/ft • ^^ < )^4« \ / j 
4»* 'P^ - 4p' (^B)4« ^P, 
89 
249*90« 14 400150 5 IX 4u* 'p^ • 4p' (^t))4« ^5^ 
250.912 20 598546 8 K 4p* ^^ - 4p' (^ 7))4a \ 
251.250 24 398010 10 ICI 4p^ ^^ - 4p4a \ 
251.351 14 397850 6 XI 4p^ ^S^ - 4i>4« \ 
251.405 16 397765 9 n 4?)'^  % • 4|>' (^^)4« \ 
251.492 14 397627 9 ^H 4fl^ 4p ^^^ • 48^43 ^Dgyg 
251.530 14 597567 5 X 4p' \ ^ - 4p^ (^1l)4a % y ^ 
251.725 8 397259 4 ^I 4p^ \ • 4o4d ^^ 
252.077 12 396704 3 IX ^^ \ ^ 4p' (^P)4a \ 
252.418 13 596168 5 K 4p* \ • 4p^ (^t))4a R^^  
252.658 2 395823 1 IX 4p^ \ • 4p^ (*'5)4« 'n^ 
252.936 20 595557 4 U 4p* 'Pg * •^' ^^^^^ % 
255.751 8 594118 1 J 4p' % ^ - 4p^ (^)4a ^^^^ 
254.201 4 393589 5 X 4p' % ^ - 4p^ C'p)4<l \ ^ 
254.474 20 59«967 7 X 4p' % y g - 4p^ (^ i>)4a ^ y g 
254.702 5 592616 4 IX 4p* \ - 4p' (^ J»)4« \ 
254.821 4 3924» 2 X 4p' % i g • ^ ^ ('p)4« % M 
255.156 24 591917 8 X 4p' % ^ • 4p^ (^B)44 \ ^ 
255.555 10 591612 2 X 4p' \ ^ - 4p^ (^D)4« ^Bjy^ 
255.527 7 591548 5 XII 4«^4p h^^ - 4»*4« ^B y^^  











































































































4p ' l^ «» 4|»4d 'TJJ 
4p' ^B,y5 - 4 / ('p)4a \M 
.. si.' ,^ ,. s 
4p* ^1^ • 4p' (S)4a ^^3 
*^' %/fe - ^ ^ ^^ 54d % ^ 
4p' ^\ •* 4Ti4a 'n^ 
4p* \ - 4p^ (^)4« ^P, 
4p* '^l - 4p' C®i')4« \ 
4p' % ^ - 4p^ (^)m %^ 
4p' ^ 5 ^ - 4 / (%»)4a %yg 
4p^ \ ^ 4p' (2T))4a \ 
4p' %yfe - 4ti^  (^ i>)4« ^P,yi| 
4p* \ - 4p' (%»)4« \ 
Ap^ \ - 4p' (^^)4« ^^ 
4p* % - 4p' i^)m \ 
4p' % y ^ • 4p* (S)44 %;jj 
4p' \ ^ - 4p^ (^2)46 ^ P , ^ 
4»' S , ^ . 4P* C ^ ) 4 6 \/J^ 
# • % • 4p' (^)4« ' f j 
91 
266.365 12 575425 6 XI 4p^ \ - 4p4d \ 
267.896 8 573279 6 X 4p' ^D y^ij - 4p^ (^ 3))4d \ ^ 
268.004 2 373129 3 XII 4«4p^ ^ 3 ^ - 4p^ % y g 
268,771 7 372064 4 IX 4p* \ - 4p' (S)4a \ 
270,262 3 370011 2 IX 4p* \ - 4p' (^)4a ^g 
270.497 7 369690 4 XI 4p^ \ - 4p4d 'p^ 
270.707 8 369403 4 X 4p' \ ^ • 4p^ ('p)4d \ ^ 
270.954 10 369066 9 X 4p' h^^ - 4p^ ('p)4« % ^ 
271.572 6 36^26 2 IX 4p* ^^ - 4p^ (^)4a \ 
272.415 2 567090 2 XII 484p^ ^^yg - 4p' \ ^ 
. 7 a . 5 « « ^ m a n •p* % . 4 p ' ( ^ > « ^ 
274.743 1 363977 1 X 4p' \ ^ - 4p^ ('j')4d \ ^ 
274.885 18 365788 8 IX 4p* \ - 4p' (^)4d \ 
275,505 3 563234 3 XI 4p^ \ - 4p4A \ 
275.572 6 362882 5 XI 4p^ \ - 4p4« \ 
276.032 24 362277 10 IX 4p* \ - 4p' (^)4a \ 
276.978 22 561040 10 IX 4p* ^2^ - 4p' (^)4a \ 
277.103 5 360877 2 XI 4p^ ''B^ • 4p4d \ 
«77.547 9 560959 4 H 4p* ^S^ - 4p' (^>4« % 




f -m.o i f 14 »9«« i « n 4 / \ - 4p ' (^t»)4a ' F J 
t7a.545 2 559011 2 3tII 4»4p^ %/^ - 4 f ' % ^ 
8 »69?5 1 XI 4D* ^ 1 ^ - 4ii^ ( ^ )4d \ 
6 55««20 4 I 4i>' % ^ • 4 / ('P)4a ^^yg 
2^0.466 1 ?5«549 6 ^ 4^^' ^ ^ ^ « 4i»^ ( ^ )4« % y ^ 
?!?^.'?2a a 355S97 8 t^ 4p^ \ - 4p ' (^^)4« % 
^R5.169* 25 B514« 11 T^t # * ^^^ -» 4p ' Cl')4« \ 
2BS5*346 5 55^452 1 "^ 4t?* \ - 4T>' (^Ti)4a % 
285.554 4 55^21 1 f. ^ % y ^ - ^ C^)4« ^^y i j 
285*935 2 54975J* 1 X 4p ' % y ^ - 4|»® <^)4a % y ^ 
287,291 9 54B0fr9 4 K 4|»* ^S^ - # | i ' (^^)4a V ^ 
28?. 417 2 54T92? 3 X # ' %y5g, - 4|»^ ('^ P)4a \ ^ 
2«7.557 9 547781 2 IT 4p^ % - 4p ' (*l^)4A \ 
289.140 5 545855 4 13C 4|»* ^»g - 4 f ' ( ^ )4a 1^5^  
«90.1€e 10 544«99 5 tX 4|»^ % • 4p ' <^>4a \ 
290.177 9 544617 7 XX 4«^4!>* % l • 4«4»' ^P, 
297.072 t 35i«19 1 ^ n 4»4p* \ ^ - 4p ' % ^ 
298.242 2 555298 3 XI 4,^ % • 4p4# % 
298«548 5 555182 8 W 4«*4f* h^ - 4c4!>' ^ ^ 
93 
299.cei 2 5543W 1 ^ 4p' % ^ - #11^  (^)H \ ^ 
3(M,178 12 332019 # XII 4 l i% %^^ ^ • 4«4t^ % ^ 
301 *9B 2 33tf93 1 I5C 4p* \ * %»' (^)4« % 
30?.1lfl 9 329S72 5 rt 4p* ^ , - 4p' (^^)4a \ 
305.504 3 32732« 10 m 4«4p^ % ^ • 4?i^  ^^^^ 
305.634 3 5371^9 1 Ti 4p* ^\ | - 4tj' i^^}m \ 
306»182 5 !©ri«?05 1 t^ 4p* i^Xg - 4 f ' C^B)4a 'Oj 
3Qrt.fi37 2 326119 7 ^X 4 P ^ ^^ >g • 4?>4« ^^  
307,215 3 325505 2 XII 4 » % %yg - 484p^ %yg 
310*774 2 ^1777 4 X 4p' %/sj • 4p^ (^)4a % ^ 
311.710 5 320811 3 Xn 4s4p^ % ^ - 4p' %y5» 
314.446 2 31^020 t K 4p* S^ - % ' (^B)4a ' F ^ 
314.866 9 317593 5 >*I 4 « V 's^, • 4»4p' ^^ 
317.704 6 314758 5 tX 4p* *% - 4p' <^^)4a \ 
319.303 4 313182 4 XIl 4»4p* *^«/» • 4p' ^ 5/ft • *P '3/Sr 
319.S50 3 312862 3 X 4p^ ^^^ - 4p^ <^)4« % ^ 
320.41« « 312094 9 IX 4p* \ • 4p^ (^Q)4« \ 
!»4.642 1» 308092 11 rt 4 B % 2 ^P^ • 4«4p5 h^ 
325.188* 7 307914 5 IX 4p^ R^^  • 4p' (^)4« \ 













































































^^  ^5/fe ^ *^  '^^ •^^  ^ / a 
49^4p ^P^y^ • 4«4p^ \ ^ 
•^J*^  %/a • ^ ' S/5 
4s 4t) ^« A *• 494|> ^3/2 
<> 2_ ?> 2_ 
4041.'' % ^ - 4p ' % ^ 
^ * 2 4ft . 3 4« 
494t> 5yj> ** *" 5/!> 
482*, %^ . W SAI 
4s^4p^ ^n^ * 484p^ % 
4p^ ^^0 • *^^ ^^5*^ % 
* ^ 2 2„ ^ 3 2-, 
4«4p^ % / ? •^  ^ ' \ / ? 
4«4.^ %/fe • 4p' %^ 
* - 2 2^ . 5 2-, 
W S>^  - *p' S/^ 
It s«px«Miita Ziit«miii3r 
111 ** tMib«v <»f iiid«p«]}a«nt QbMFratloB* of tlHi l l iw. 
t»i bvofia i i M 
Ai AlfAIM 11B« 
i9]&i^ ii^ fiim ^rmn m - noH) 
sa 5-
e 
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Appendix Tt« liiflt of p«p«rt |ml>li«)i«a Vy th« tfothos* of t h i s %lM«i8 
S,Ho# AttttiOm f I t l o of 3*ai>or J«tt»i«i*f Hofexvnoo 
1» ^.B,??. Ohai^al , 2,All 
2 , *%!5.'^ . mtafl^ttal, %T. 
Singh and B« Khitoon 
Chaf^tal and e« 
Fhatoon 
4. W,f?,!^ , Ohaghtal, F. 
H«hl«ill«h and n* 
Khatoon 
5 . K» Rabi»ulX«h» ^'.S.2^ 
Ohaisihtal wid S.Brhe^oon 
6 . 3« Kbtttoon, Tt«S,2, 
Ohaghtai «nd K. 
Rahtoalloh 
9fMI OPllSSiQ^ SpOOtfURI 
Of Y VI 
Obiwrvfttion and olft» 
aaifioflclion of 4TH>5d, 
fid and 4p-*6o, 7a 
tvanaitionsin ^o TXlt 
4T)*5a transitions in 
Y T i l , Yirt , 2p VTXI, 
JXf Ifb IX, X and T*O X, 
XI 
Th© transitions AP»SB 
in T VI, 2r VII 
nb VIII and Ho IK 
fha 4p*4d transitions 
of Y VI, VII, VIII, 
%T VTT. VTII, IT, Wt» 
viTi , fit, X and Wo n , 
X, XI 
fha 4p»5d, 6d and 
4p»63, 7s transit ions 
of Ifo IX 
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